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BY  THE  HOUSE  OF  DELEGATES, 

January  10th,  1878. 
Which  was  read  and  ordered  to  be  printed. 

By  order, 

Milton  Y.  Kidd, 

Chief  Clerk. 
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ANNAPOLIS: 
George  Colton,  Printer  to  tiie  General  Assembly. 

1878. 


REPORT 


To  his  Excellency^ 

JOHJ^  LEE  CA(k(ROLL, 

Governor  of  Maryland : 

I  have  the  honor  to  report,  in  pursuance  of  section  4,  chap- 
ter 47.  laws  of  18T6j  "■  the  work  accomplished  by  the  Com- 
mission" during  the  year  1877,  and  to  make  a  few  '^  sugges- 
tions for  the  protection  and  propagation  of  the  food  fishes  of 
the  State,"  as  the  result  of  my  observation  and  experience 
during  the  four  years  of  service  as  Commissioner  of  Fisheries. 

The  past  year  has  been  a  most  important  one,  to  the  fishing 
interest  especially,  as  producers,  and  to  the  country  at 
large,  as  consumers  offish,  on  account  of  the  many  indubit- 
able proofs  which  have  accumulated,  showing  the  correctness 
of  the  theories  on  which  most  of  the  eiforts  to  restore  deple- 
ted waters  with  the  valuable  fishes,  which  were  once  abun- 
dant, bat  had  either  entirely  disappeared,  or  had  become 
alarmingly  scarce,  depended  for  success.  On  the  correctness 
of  these  theories  depended  also  the  success  of  any  eflbrts  to 
stock  waters  with  migratory  fishes,  which  had  before  been 
unknown  to  them.  The  year  1877  will  bo  noted  as  adding 
confirmations  so  strong  that  even  the  hitherto  most  skeptical 
can  no  longer  doubt  the  unerring  certainty  with  which  the 
anadromus  fishes  (those  fishes  Avhich  move  up  the  rivers  to 
spawn,)  return,  when  adult,  to  the  river  in  which  they  had 
spent  their  minority.  That  this  was  the  habit  of  the  Sal- 
mon, had  bean  demonstrated  both  in  Europe  and  in  this 
country,  as  great  numbers  had  been  marked  and  found  to 


return  to  the  same  river,  year  aftsr  year  ;  but  the  experiments 
had.  in  a  great  measure,  been  confined  to  rivers  or  localities 
in  which  the  Salmon  had  been  previously  found.  During 
the  year  just  ended,  we  have  had  many  proofs  that  this 
instinct  is  so  strong  that  the  Salmon  will  return  to  rivers, 
in  latitudes  in  which  they  had  never  existed  prior  to  their 
artificial  introduction  as  young  fish. 

Mr.  Wilraot,  Fishery  Officer  of  the  Dominion  of  Canada, 
writes  me  :  "California  Salmon  have  visited  my  establish- 
ment this  Autumn  for  breeding  purposes." 

Hon  Theo.  Lyman,  Commissioner  of  Mass.,  Avrites  :  "The 
most  striking  and  rapid  restoration  of"  a  partially  exhausted 
fish,  was  that  of  our  common  Smelt,  {Osmerus),  which  we 
value  much,  and  which  we  again  have  in  its  former  size  and 
abundance. 

A  very  important  fact  is  the  return  this  year,  and  for  the 
first  time,  of  large  numbers  of  adult  Salmon,  {S.  salar),  the 
progeny  of  artificial  culture,  to  the  Merrimack  river. 

Small  lots  of  Salmon  parrs  had  been  placed  in  the  upper 
waters  on  several  occasions  previous  to  1872.  In  that  year, 
16,000  were  put  in  ;  and  in  1873,  185,000. 

This  year  (1877,)  we  ordered  our  agent  at  Lawrence,  to 
shut  the  water  from  the  great  fishway  daily,  and  sec  what 
was  in  it  at  the  moment  of  closing. 

On  May  31st,  he  found  two  Salmon  of  8-12  lbs.  weight. 
On  June  4th,  a  15  lb.  Salmon.  From  June  10th  to  July 
10th,  there  were  found,  almost  daily,  from  1  to  5  large  Sal- 
mon in  the  act  of  passing  the  way  at  the  moment  of  closing. 
They  penetrated  to  the  very  head-waters,  among  the  White 
mountains,  and  were  seen  shooting  the  falls  in  numbers. 
}Iany  were  taken,  for  a  moment,  in  a  net  and  examined,  and 
were  found  to  be  high-fed,  silvery  fish  of  the  first  quality." 
Dr.  Wm.  M.  Hudson,  of  Connecticut,  adds  the  following 
testimony  to  the  return  of  the  Salmon  :  "  The  young  of  the 
Salmo  salai'  from  Bucksport,  first  introduced  in  1871,  ap- 


peared  as  Smolts  within  two  years  after  their  introduction, 
and  specimens  were  easily  obtained.  About  a  dozen  of  the 
adult  fish  have  been  taken  in  the  Connecticut  river  during 
the  past  season." 

But  to  us  in  Maryland,  of  more  importance  is  the  re-ap- 
pearance, in  the  Delaware,  of  Salmon  of  both  varieties  :  the 
Salmo  salar  of  the  northern  Atlantic  coast,  and  the  Sahuo 
quinnat  of  the  Pacific,  I  have  received  authenticated 
accounts  of  the  capture  of  one  weighing  8i  lbs.,  at  Newcas- 
tle ;  one,  8-^-  lbs.,  at  Riverton  ;  and  one  weighing  9  lbs., 
taken  between  Bordentown  and  Trenton  ;  and  have  myself 
seen  a  large  female  Penobscot  Salmon,  with  the  mature  eggs 
running  from  her,  which  was  taken  near  Easton,  in  the  act 
of  spawning  ;  there  have  been  several  others  reported,  even 
weighing  as  high  as  20  lbs.  These  indications  of  the  suc- 
cessful introduction  of  the  Salmon  into  the  Delaware,  com- 
menced two  years  prior  to  the  establishment  of  a  Fish  Com- 
mission in  Maryland,  strengthens  our  hopes  and  confidence 
in  the  results  of  our  efforts,  as  the  Delaware  is  notsj  unlike 
our  own  rivers,  and  not  in  so  diff'erent  a  latitude  but  that 
we  can  reasonably  expect  a  like  result.  More  important  to  us 
still,  than  the  accumulated  evidences  of  the  laws  which  gov- 
ern the  migrations  of  the  Salmon,  are  the  proofs  which  have 
been  added  during  the  year,  that  these  laws  are  as  surely 
applicable  to  the  migrations  of  the  Shad 

It  may  be  possible  to  attribute  the  return,  in  com- 
paratively large  numbers,  subsequent  to  artificial  propaga- 
tion of  Shad  in  a  river,  while  in  adjacent  rivers  they  con- 
tinued to  decrease,  to  other  causes  than  the  production  of  a 
large  numbei-  of  young  fish,  which,  without  artificial  means 
would  have  been  entirely  destroyed.  It  is  impossible,  how- 
ever, to  account  for  the  sudden  appearance  of  Shad  in  a  river 
in  which  they  had  not  hitherto  existed,  but  in  which  young 
Shad,  artificially  propagated,  had  been  place  1,  on  any  other 
theory  than  that  of  their  return  to  tbe  waters  of  their  youth, 


impelled  by  the  same  instinct  wliich  has  been  so  clearly  dem- 
onstrated as  governing  the  Salmon.  Such  unmistakable 
evidence  have  we  in  the  capture  of  several  hundred  adult 
white  Shadj  Alosa  sapidisima,  in  the  Ohio  river  last  spring, 
since  prior  to  their  introduction  in  1872,  by  the  United  States 
Commissioner,  this  most  valuable  fish  was  unknown  to  the 
Mississippi  river,  or  any  of  its  tributaries.  Add  to  this  the 
successful  introduction  of  Shad  into  the  rivers  of  the  Pacific 
slope,  and  we  are  forced  to  the  conviction  that  the  same 
laws  are  applicable  to  the  return  of  the  Shad  as  to  the  Sal- 
mon, viz  :  that  they  will  return  as  adult  to  the  waters  in 
which  they  are  placed  when  young. 

On  page  22  of  the  report  of  the  Commissioners  of  Fish- 
eries of  the  State  of  California  for  '76  and  '77,  they  say  : 
"  Shad,  in  their  season,  are  becoming  quite  numerous  in  the 
Sacramento  river.  The  experiment  of  their  importation  to 
this  coast  has  resulted  satisfactorily.  The  river  is  of  proper, 
temperature,  and  furnishes  an  abundance  of  food  for  the 
young  fish  before  they  go  to  the  ocean.  There  can  ba  no 
doubt  that  the  first  Shad  brought  from  the  Hudson  river,  in 
eighteen  hundred  and  seventy-one,  have  been  to  the  ocean, 
returned  and  spawned." 

The  introduction  of  Shad  into  the  rivers  flowing  into  th} 
great  lakes  has  also  proved  as  completely  successful,  although 
it  was  feared  tliat  they  would  not  find  in  the  fresh  waters  of 
the  lakes,  conditions  as  suitable  as  in  the  salt  water  of  their 
accustomed  abode  in  the  Atlantic.  During  the  past  season, 
many  fine  large  specimens,  weighing  as  much  as  five  and  a 
half  pounds,  were  taken  in  the  tributaries  of  Lake  Ontario. 
The  dates  of  the  original  deposit  of  the  young  fish  in  the 
waters  in  which  they  had  hitherto  been  unknown,  and  the 
times  of  their  subsequent  re-appearance  as  adult,  give  us 
some  evidence,  also  of  the  probable  growth,  of  the  variety  of 
fish.  In  these  instances  of  the  successful  introduction  of  Shad 
in  California,  in  the  Ohio  and  in  the  Great  Lakes,  the  first 
deposits  having  been  made  in  "871,  1872  and  1871  res|3ect- 


ively,  Indicate,  that  with  thn  Shad  at  least,  that  they  do  not 
return  from  the  sea  in  numbers  as  adults  before  the  4th,  5th, 
or  perhaps  the  6th  year.  The  imperfect  means  of  observa- 
tion causes  these  deductions  to  be  mere  conjecture,  but  suffi- 
ciently important  to  sustain  hope  and  confidence  in  the  ulti- 
mate successful  results  from  efforts  to  re-stock  our  waters 
with  this  valuable  fish,  even  though  no  decided  increase  is 
observable  for  four  or  five  years  after  the  initiation  of  the 
work.  Tn  judging  of  the  efficiency  of  the  means  employed 
to  re-stock  our  waters  with  Shad,  we  must  not  lose  sight  of 
the  fact  that  there  has  been  an  enormous,  alarming  and 
steady  decrease  in  tlic  yield  of  our  Shad  and  Herring  fish- 
eries since  forty  years  back,  when  the  catch  on  the  Potomac 
in  one  day  was  equal  to  the  entire  catch  of  last  season. 
Surely,  if  this  decrease  can  be  arrested  only,  even  if  there  is 
no  marked  increase  for  several  years  to  come,  the  work  of 
artificial  propagation,  as  yet  scarcely  more  than  begun, 
should  be  prosecuted  with  the  utmost  energy. 

It  was  not  to  be  expected  that  we  should  have  any  positive 
evidence  of  the  success  of  the  introduction  of  Salmon,  or  the 
increase  of  Shad,  resulting  from  young  fish  artificially  prop-, 
agated  and  placed  in  our  waters,  as  a  sufficient  time  has  not 
elapsed  since  the  commencement  of  the  work  in  Maryland  ; 
but  we  are  not  without  indications  of  what  will  be  the  result 
of  continnol  offurts  to  increase  our  fish  yield.  As  it  has 
been  pretty  well  ascertained  that  the  male  Shad  are  adult, 
and  run  u])  the  rivers  a  year  sooner  than  the  female.s  of  the 
same  brood,  Avhich  are  not  mature  until  the  3d  or  4tli  year, 
I  looked  with  some  certainty  for  an  increase  of  numbers  in 
the  Bay  of  smaller  male  Shad,  consequent  to  the  return  of 
some  of  the  males  of  the  one  million  seven  hundred  and 
ninety-five  thousand  turned  loose  in  the  Chester  river,  and 
the  two  million  three  hundred  and  fifty-five  thousand  turned 
loose  in  the  Patuxant  during  the  spring  of  1875.  It  having 
been  observe  I  with  the  Salmon,  that  the  youngest  fishes 
arrive  earliest  in  the  season,  but  do  not  penetrate  far  the  first 


year,  I  thouglit  it  most  likely  that  the  return  of  the  young 
Shad  would  first  be  noticeable  in  the  Bay,  so  visited  the 
Annapolis  Fish  market  on  Saturday,  April  21st,  and  exam- 
ine.! many  of  the  fishermen  operating  the  large  pound  nets 
in  that  locality,  and  the  universal  testimony  given  by  them 
was  that  the  catch  of  small  ''buck  Shad  "  had  been  larger 
than  known  for  many  years,  some  asserting  that  they  had 
not  taken  so  many  male  Shad  for  twenty  years,  while  the 
females  were  not  more  abundant  than  in  previous  seasons. 
If  this  increase  in  the  number  of  males  is  attributable  to  the 
operations  on  the  Chester  in  1875,  as  we  have  every  reason 
to  believe  that  it  is,  a  corresponding  increase  in  the  females 
can  be  looked  for  during  the  coming  seasons. 

The  great  success  attained  by  artificial  means  in  the  Con- 
necticut, Hudson  and  other  rivers,  has  already  been  in- 
stanced in  my  previous  reports. 

The  National  Museum  at  Washington,  has  a  case  devoted 
to  the  preservation  and  exhibition  of  specimens,  showing  the 
success  in  stocking  waters  of  the  country  with  fish  by  artifi- 
cial methods.  This  case  is  constantly,  almost  weekly,  re- 
ceiving additional  specimens  from  all  parts  of  the  country, 
testimonies  to  the  successful  efi"orts  of  Prof.  Baird,  United 
States  Commissioner,  and  of  the  several  State  Commissioners. 

Apace  Avith  the  accumulation  of  evidence  to  the  correct- 
ness of  these  theories,  on  which  the  efforts  to  increase  the 
fish-food  resources  of  the  country  were  based  and  the  proofs 
of  the  good  results  already  attained  from  these  well-directed 
efforts,  is  the  progress  which  has  been  made  during  the  year 
in  the  methods,  and  the  improvements  in  the  apparatus  em- 
ployed and  necessary  for  the  successful  prosecution  of  this 
important  industry. 

In  other  States,  there  have  b^en  several  important  im- 
provements made  in  the  apparatus  usel  during  the  develop- 
ment artificially  of  the  ova  of  fi.sh_,  and  in  the  methods  of 
packing  eggs  for  transportation.  In  Maryland,  we  have 
overcome  some  difficultiow  with  which  our  natural  surround- 


ings  threatened  to  obstruct  our  ofibrts  to  restore  Shad  to 
their  former  degree  of  plenty.  We  liavc  been  able,  during 
the  season,  to  thoroughly  test  the  apparatus,  used  to  trans- 
port the  shad  eggs  from  distant  fisheries  to  a  central  hatch- 
ing station,  to  completely  develop  the  eggs  when  not  con- 
venient to  transfer  them,  and  to  transport  the  young  fish 
after  they  are  freed  from  tlie  eggs — referred  to  on  page  8  of 
my  i-eport  of  January,  1877.  We  perfected  this  apparatus, 
in  its  detailed  arrangements,  and  so  successful  was  its  use 
during  our  operations  at  the  head  of  the  bay  last  spring, 
that  we  deem  it  worthy  a  more  minute  description,  which 
will  be  found,  in  the  account  of  the  Shad  hatching  work, 
on  another  page. 

The  more  important  apparatus,  of  which  the  above  was 
auxiliary,  is  that  used  at  the  central  station,  capable  of 
perfecting  an  almost  unlimited  number  of  eggs  safely,  with- 
out danger  from  storm,  independent  of  current,  and  at  com- 
paratively small  cost.  This  apparatus,  original  in  design 
and  novel  in  construction,  is  fully  described  in  the  drawings 
and  specifications  of  the  patent  granted  by  the  United  States 
Patent  Office  ;  these  are  reproduced  in  the  account  of  Shad- 
hatching  operations. 

For  the  third  apparatus,  which  marks  the  advance  in  fish 
culture  in  Maryland  during  the  year,  we  are  indebted  to  Mr. 
Thomas  Winans,  of  Baltimore,  whose  thoughtful  study  of 
their  habits,  and  observations  of  the  Brook  Trout  hatched  in 
his  dwelling  during  the  Avinter,  resulted  in  his  devising  an 
apparatus  in  which  to  feed  the  young  fish.  The  Trout  kept 
and  fed  in  this  apparatus  attained,  at  three  months,  a  size 
at  least  double  that  of  those  of  the  same  brood  which  were 
kept  and  fed  in  the  usual  nursery  tanks.  Mr.  Winans 
kindly  presented  the  Druid  Hill  Hatching  House  v.'ith  a 
number  of  these  vessels,  with  all  the  necessary  appli- 
ances, ready  for  the  introduction  of  the  water.  The  device 
consists  in  the  use  of  an  ordinary  apothecaries'  filtering 
funnel,  fitted  to  a  frame,  which  keeps  it  in  position  ;  a  rubber 
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tube  is  slipped  over  the  neck,  through,  which  the  vessel  is 
supplied  with  water,  which  flows  out  through  a  screened 
aperture  near  the  top.  The  current,  which  is  caused  by  the 
passage  of  the  water  through,  is  so  regulated  in  force  as  to 
keep  the  particles  of  food  thrown  in,  suspended  about 
midway,  constantly  in  sight  of  the  fish,  and  easily 
attainable  by  them.  The  food  is  consumed  without  being 
deposited  on  the  bottom,  as  in  the  ordinary  nursery  tanks, 
where  it  remains,  uneaten  by  the  fish,  and,  unless  carefully 
removed,  to  putrify  and  vitiate  the  water.  By  the  use  of  these 
glass-fuanels,  the  movements  of  the  fish  are  plainl}^  visible, 
and  the  exhibition  of  those  reserved  for  experiment  and  ill- 
ustration, made  attractive.  Such  was  the  success  from  the 
use  of  these  glass-funnels,  that  we  are  about  to  introduce 
them  on  a  considerable  scale  in  the  Hatching  House.  Those 
presented  by  ]\Ir.  Wiuans  are  about  the  maximum  size  that 
can  be  constructed  of  glass.  But  as  the  fish  increase 
in  size,  we  will  use  the  inverted  cones,  such  as  illus- 
trated in  the  account  of  the  Shad  hatching  operations. 
These,  though  having  the  advantage  in  cheapness  and 
capacity  for  greater  size,  are,  of  course,  opaque,  and  not  so 
attractive.  Although  vessels  of  the  inverted  cone  form 
had  been  used  for  four  years  by  us,  for  the  purposes  of  pro- 
pagating fish,  to  Mr.  Winans  is  due  the  credit  of  first  plac- 
ing this  form  of  vessel  to  the  use  of  rearing  as  above 
described. 

The  evidences  of  the  success  of  the  work  in  other  States, 
and  the  indications  of  the  success,  which  can  be  confidently 
looked  for  in  time,  in  our  own  State,  have  taught  us  that  we 
are  not  pursuing  a  vain  or  idle  fancy  ;  that  the  energy  which 
has  inspired  most  of  those  who  have  entered  upon  the  prosecu- 
tion of  this  comparatively  new  industry,  is  not  the  energy  of 
wild  enthusiasts,  but  the  vigorous  action  which  truth  in- 
spires, and  the  consciousness  of  the  good  which  will  result 
to  the  country,  and  the  benefit  to  mankind  by  a  greater  pro- 
duction of  healthy  and  cheap  food. 


Wc,  have  not  only  learned  that  wo  are  doing  the  right 
thing,  with  reasonable  hope  for  success,  hut,  by  the  advance 
made  in  the  methods  and  apparatus  above  referred  to,  have 
found  how  best  to  do  it  ;  but  almost  as  important  as  these,  is 
the  increased  interest  which  the  peopJe  take  in  the  work  of 
the  Commission.  The  gathering  of  spawn  at  points  easily 
accessible  to  the  people  ;  the  development  of  the  ova  in  so 
public  a  place  as  Druid  Hill  Hatching  House,  where  every 
one  is  cordially  admitted,  so  that  every  stage  of  that  devel- 
opment can  be  seen,  and  the  gradual  changes  watched  ;  the 
distribution  of  the  yonng  fish  ;  the  successful  conduct  of 
Shad  bathing  at  the  head  of  the  bay,  where  all  so  disposed 
could  see,  and  the  constant  reports  whicli  the  press  of  i\\e 
State  have  given,  have  tended  to  cause  the  people  to  think 
earnestly,  and  give  the  subject  more  thoughtful  considera- 
tion than  heretofore.  Tlie  consequence  is,  that  fish  are  no 
longer  looked  upon  as  spontaneous  and  incxhaustable  ]iro- 
ducts  of  the  waters,  and  it  is  no  longer  deemed  the  first 
duty  of  every  one  to  take  and  kill  every  fish  seen,  whether 
needed  for  food  or  not.  With  this  more  just  appreciation  of 
the  origin,  and  the  r.atui'al  laws  which  govern  the  growth 
and  exi.stence  of  fish,  comes  the  desire  for  their  protection, 
that  they  may  be  tributary  to  our  comfort,  and  a  never  fail- 
ing means  to  our  support.  Thus,  hand  in  hand  with  fish 
culture,  should  come  intelligent  and  systematic  protection,  so 
necessary  for  its  success. 

The  full  results  can  never  be  derived  from  the  artificial 
propagation  of  our  food  fishes,  unless  aided  by  legislative 
protection  ;  but  no  protective  laws  rigidly  enforced,  short  of 
a  total  suspension  of  fishing,  unaided  by  artificial  propaga- 
tion, can  restore  our  Shad  and  Herring  fisheries  to  their 
former  glory.  The  Shad  and  Herring  are  taken  together, 
except  in  the  gill  nets^  and  they  commence  to  spawn,  the 
Herring  first  some  two  weeks  after  they  appear,  and  the 
spawning  season  extends  through  the  spring.  It  is,  there- 
fore, impossible  to  protect  them  in  their  spawning  time^  ex- 
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cept  by  not  taking  them  at  all  ;  for  their  capture  is  not  pos- 
Bible  at  any  other  time.  After  an  individual  Shad  or  Her- 
ling  is  taken,  that's  an  end  of  it ;  there  is  no  way  of  saving 
hiiu  or  her,  even  if  found  ready  to  reproduce,  let  the  captor 
be  ever  so  disposed  to  do  it.  But  the  Shad  and  Herring  are 
enormously  prolific.,  the  Herring  more  so  than  the  Shad  ;  or 
rather  they  each  have  great  capacity  for  reproduction ;  but 
tliat  the  results  from  the  natural  production  of  those  fish 
which  cscapoj  are  at  all  approximate  to  the  number  of  eggs 
contained  in  the  ovaries  is  very  doubtful.  I  am  inclined  to 
think  that  by  far  the  greatest  loss,  with  this  class  of  fish,  is 
during  the  egg  state.  It  is  impossible  to  make  any  estimate 
as  to  the  percentage  of  loss  of  eggs  from  unimpregnation, 
destruction  by  sediment,  and  by  being  preyed  upon 
by  Eels  and  other  fish,  but  it  must  be  very  large.  In 
very  many  cases  where  nature  is  most  lavish  as  to  num- 
bers, does  she  permit  the  greatest  waste,  and  with  many  of 
the  fishes,  we  can  observe  that  the  natural  protections  given 
the  eggs  arc  inversely  as  the  number  produced  by  the  par- 
ent. The  male  of  some  of  the  *Siluroids  carry  the  half 
doz.  or  so  eggs  deposited  by  its  mate  in  the  mouth,  and  care, 
for  them  until  developed  :  whereas  the  thousands  pro- 
duced by  the  Shad  are  left  to  be  preyed  upon  by  every 
passing  fish.  The  Salmon  yield  much  fewer  eggs  than 
the  Shad,  and  they  are  apparently  much  more  carefully 
deposited  by  the  fish,  and  Avith  much  better  chances  of 
becoming  impregnated  by  contact  with  the  milt  than  the 
Shad  eggs,  yet  ]\[r.  Myron  Green,  foreman  of  the  United 
States  Com.mission  Hatching  Station  on  the  MtCloud 
river,  found  that  not  more  than  eight  per  cent,  of  the  eggs 
naturally  spawned  were  fertile.  See  report  of  Commis- 
sioners Fisheries  California,  1877,  p^^ge  12,  for  this  state- 
ment:  "After  throwing  out  all  the  eggs  found  not  to  be 
fecund,  there  were  left  eight  per  cent,  of  the  whole  number 
gathered,  which  were  found  to  be  fertile.  When  eggs  and 
milt  are  artificially  brought  in  contact  out  of  the  water,  it 
*-4m^«  fiifvs,  A.  Boak-ii. 
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would  bo  carolesness  or  inexnerieuco  that  would  prevent 
ninefcy-five  per  cent,  of  the  eggs  from  being  fertilized." 

The  great  loss  of  eggs  from  causes  above  referred  to^  makes 
it  necessary  that  a  very  large  number  of  breeding  fish 
should  be  left  to  spawn,  so  as  to  provide  for  tlie  yearly  con- 
sumption. 

As  the  eggs  which  are  hatched  artificially  are  taken 
from  the  iish  after  they  arc  practically  dead  and  en 
route  to  market,  the  yo;!ng  fish  derived  from  this  source  are 
a  clear  gain,  and  must  ever  he  an  important  addition  to 
whatever  numbers  may  be  produced  by  stringent  [)rotection. 

HATCHING  HOUSE. 

During  the  year,  the  Hatching  House  has  been  much  im- 
proved and  the  interior  repainted  ;  the  filtering  tank  in  the 
house  has  been  much  enlarged,  so  that  the  Spring  water  can 
be  more  slowly  and  thoroughly  cleansed  of  sediment,  and 
separate  filtering  tanks  have  been  constructed  on  an  adjacent 
hill,  in  which  the  water  derived  from  the  city  reservoir  is 
filtered  before  being  introduced  into  the  building.  The  ele- 
vated position  of  these  filtering  tanks  has  enabled  us  to  carry 
the  water  into  the  second  story  ;  the  two  rooms  fonnerly 
occupied  by  the  attendant  have  been  thrown  ii*to  one,  and 
will  be  used  hereafter  as  a  nursery  and  hatcliing  room,  add- 
ing very  materially  to  the  capacity  of  the  liouee.  The  regu- 
lar routine  work  connected  with  the  care  of  spawn  of  the 
fall  and  winter  spawners,  and  the  distribution  ol'the  young 
fish  when  sufficiently  advanced,  was  conducted  during  the 
winter  of  '76  and  fall  of  '77,  with  the  usual  success.  On 
the  1st  of  May,  I  found  it  necessary  to  trans!'er  the  f  )rce  of 
trained  men  to  the  Shad-hatching  station,  and  worlv  in  this 
department  ceased  until  fall,  when  active  operations  com- 
menced with  the  receipt  of  200,000  eggs  of  the  California 
Salmon. 

The  details  of  the  distribution  of  fish  from  the  eggs 
received  in    the   fall   of  '76,    and  not  included  in   the  last 
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report,  that  is,  froin  January  1st  to  June  4tb,  amounted  to 
31,000,  as  will  appear  from  the  tables  hereafter  given.  These, 
with  the  distribution  made  in  the  fall  of  1876,  amounting 
to  781,640  (see  pages  22  and  23  of  report  of  '77,)  make  an 
aggregate  of  815;610  from  the  eggs  received  in  the  fall  of 
-•7G. 

On  the  10th  day  of  October  last,  I  received,  through 
the  kindness  of  the  United  States  Commissioner,  a  crate  of 
Salmon  eggs,  containing  about  200^000  ;  on  unpacking, 
only  6.689  dead  eggs  were  found,  a  very  small  loss  during 
the  transfer  across  the  continent.  The  distribution  mado 
of  the  young  iish  hatched  from  this  lot  will  appear 
in  subserjuent  table.  There  are  still  at  the  Hatching 
House,  about  10,000  young  fish,  v;hich  have  been  kept  for 
future  distribution  and  experiment. 

The  loss  of  young  fish  from  this  lot  of  eggs  wtis  unusually 
large.  The  w^^ither  was  unusually  warm  when  tho  eggs 
were  laid  down,  and  the  water  being  unusually  warm,  tlie 
fish  were  psrhaps  prematurely  hatched. 

There  are  now  in  the  hatching  apparatus  about  180,000 
6223  of  this  fish,  also  a  contribution  from  Professor  Baird, 
and  when  hatching  and  ready  for  distribution,  will  be  dis 
posed  of  as  usunl.  These  are  eggs  which  were  received  in  two 
lots  by  express  from  California— one  of  100,000  on  December 
5th,  only  1,430  having  died  on  route  ;  the  other  lot  of  80,000 
reached  the  Hatching  House  on  the  13th.  They  were  taken,  as 
I  understand,  f:v'm  younger  fish,  which  spawn  later  in  the 
season,  and  after  the  regular  operations  of  the  United  States 
Commission  oa  the  McCloud  river  had  ceased  ;  the  eggs 
arrived  in  good  condition,  and  are  considerably  larger  than 
any  eggs  of  t'le  California  Salmon  yet  received.  Of  the 
2d  lot  of  80,000,  only  2,5?5  were  found  to  be  dead  when 
they  were  unpacked. 

Tho  total  number  of  California  Salmon  planted  during  the 
two  years  ('76  and  '77,)  911,040,  recorded  in  last  report,  and 
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150,500,  a.s  will  bo  seen  from  table,  is  1,061,540  ;  if 
to  these  are  added  170,000  for  the  i")rodiico  of  eggs  now  in 
the  Hatching  House,  as  these  will  be  distributed  during  the 
Winter,  we  have  an  aggregate  of  1,131,540  California  Salmon 
planted  from  the  eggs  of  1876  and  1877,  and  since  the 
commencement  of  this  work  by  the  Maryland  Commission, 
an  aggregate  of  1,644,304  hatched  and  planted. 

During  the  year,  the  avant  courier  of  those  first  deposited 
should  appear  in  the  bay  and  tributary  rivers  ;  but  we  cannot 
look  for  the  appearance  of  any  large  number,  even  if  the  ex- 
periment of  their  introduction  is  thoroughly  successful,  be- 
fore next  ye;ir,  or  possibly  the  year  after. 

We  have  made  the  eifort  to  stock  the  Maryland  v*'ater.i 
with  this  variety  of  Salmon  on  the  very  large  scale  shown, 
a3  we  are  inclined  to  believe  that  their  introduction  will 
prove  successful,  notwithstanding  the  fact  that  the  Salmon 
family  has  been  considered  an  inhabitant  of  extreme  cold 
waters  only.  We  selected  the  California  variety,  not  only 
as  of  more  rapid  growth  than  the  Eastern,  (salmo  solar,)  but 
also  from  the  fact  that  they  frequented  much  warmer  waters 
than  their  Atlantic  cousins  were  ever  known  to  inhabit. 

The  following  information  given  by  the  California  Com- 
missioners is  of  great  importance,  and  answers  the  oft 
repeated  question  :  Will  the  Salmon  be  able  to  live  in  our 
warm  watei  s  ? 

*'Tl:e  statistics  hereafter  given  of  the  tempei'ature  of  ihe 
water  through  which  the  Sacramento  and  San  Joaquin  Sal- 
mon pass  to  reach  their  spawning  grounds,  show  that  they 
swim  for  hundreds  of  miles  through  the  second  hottest  val- 
ley in  the  United  States,  during  the  liottest  portion  of  the 
year,  where  tlio  mean  temperature  of  the  air  is  92°  Faren- 
heit,  and  of  the  water,  75'^.  These  statistics  have  been 
obtained  from  the  record  kept  by  the  Central  Pacific  Rail- 
road Company,  and  are  for  tlie  months  of  August  and  Sep- 
tember of  the  years  1875,  1876  and  1877.  They  are  of  im- 
portance as  showing  that  the  Sacramento  Salmon  will  enter 
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rivers  for  spawning  purposes,  where  the  water  is  so  warm 
that  the  Eastern  Salmon  (sahno  solar),  if  it  were  to  meet  it, 
would  turn  hack  to  the  ocean.  They  are  also  of  importance 
as  illustrating  the  prohahility  that  there  are  many  streams 
on  the  Atlantic  coast,  from  the  Potomac  to  the  Rio  Grande, 
in"o  which  this  fish  could  he  successfully  introduced." 

That  the  Eastern  Salmon  can  be  acclimated_,  at  least  in 
the  Susquehanna  and  Potomac,  seems  now  to  be  possible. 
We  have,  from  time  to  time,  placed  a  few  thousands  of  the 
Penobscot  Salmon  in  the  tributaries  of  these  rivers,  by  way 
of  experim,ent,  and  as  they  have  been  so  successfully  intro- 
duced in  the  Delaware,  may  be  rewarded  by  like  lesults  in 
the  tributaries  of  the  Chesapeake. 

There  has,  to  some  extent^  existed  a  very  erroneous 
opinion  as  to  the  value  of  the  Salmon  as  a  food  fish,  an  im- 
pression, no  doubt,  caused  by  the  glowing  descriptions  of 
the  exciting  contest  with  this  king  of  fishes,  given  by  enthu- 
siastic anglers  since  the  days  of  Isaac  Walton.  Their  intro- 
duction into  Maryland  has  met  favor  rather  with  the  angler 
than  the  fisherman.  But  that  the  Salmon  occupies  a  promi- 
nent place  among  the  fishes  which  furnish  largely  a  healthy 
food  for  mankind,  and  add  materially  to  the  wealth  of  any 
country  producing  them,  is  shown  by  the  ibllowing  statistics 
of  the  yield  of  two  rivers  alone. 

"The  following  tables  will  show  the  numbers  and  weight 
of  Salmon  transported  on  the  railroads  and  steamboats  from 
the  Sacramento  and  San  Joaquin  rivers  to  the  cities  of  San 
Francisco  and  Stockton,  from  points  on  the  river  below  the 
cities  of  Sacramento  and  Stockton,  from  November  1st,  1875, 
to  August  1st,  ISIC,  and  from  November  1st,  1876,  to 
August  Ist,  1877.  They  do  not  include  the  catch  of  the 
fisheries  at  Tehama  or  near  the  mouth  of  the  Feather  river, 
nor  do  they  include  the  fish  taken  on  the  upper  waters  of 
the  Sacramento  and  San  Joaquin,  nor  the  Salmon  brought 
to  market  by  fishermen  in  their  own  boats  ;  therefore,  to  the 
totals  should  be  added  at  least  twenty-five  per  cent.,  to  show 
an  approximation  of  the  actual  catch  :" 


STATEMENT 

^'0/  Salmon  transpor  led  from  thefolloivivg  stations  on  the  Sac- 
ramento and  S'jn  Joaquin  rivers  to  San  Francisco  and 
Sacramento,  from    Novemher   1st,  1S75,  to  August  Ist, 

Fiio.\f  Tiii:  I'oi, LOWING  Stations  to  San  FiiANCi.>=co : 

CoUiasvilk',  Xeic  York  of  Pacific,  Rio   Msia,  Emmalon ,  Jersey  Landing,  Anti- 

och,  Benicia,  ClarJcibitrgJi ,  Courilaud,  Martinez,  Kentucky,  Bradford, 

Sacramerdo,  Vallfjo,  and  Welbs. 

127,843  looie  Salmon,  weighiug 55,190,075  lbs. 

2.433  boxes  of  Salmou,  weighiug 480,030  lbs. 

3,118  sacks  and  baskets  of  Salmon,  weighing 311,800  lbs. 

l-'iS  bands  of  cured  Salmon,  weighing 31,600  lbs. 

512  barrels  and  boxes    of   smoked    and  dried  Salmon, 

weighing 102,644  lbs. 


Total 4,128,149  lbs. 

From  the  following  Stations  to  Sacramento  : 
Courlland,  Denecia,  liio  Vista.  ColUasvil'e,  Einmalon,andClarkshurgh. 

1,110  loose  Salmon,  Avelghing  29,150  lbs. 

100  baskets  and  sacks  of  Salmon,  -weighing 10,600  lbs. 

53  barrels  of  Salmon,  weighing 12,850  lbs, 

414  boxes  of  Salnion,  weighing 57,440  lbs. 

From  Antioch  to  Stockton. 

70  loose  Salmon,  weighing 1,750  lbs. 

40  boxes  of  Salmon,  w'cighing  9,300  lbs. 


Total  weight  of  Sidmon 4,249,189  lbs. 

Number  of  STrROEON. 
5,460  loose  Sturgeon 274,375  lbs. 
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STATEMENT 

Of  Salmon  ira.nsported  from  tJiefoUoicing  stations  on  the  Sac- 
ramento and  San  Joaquin  rivers  to  San  Francisco  and  Sac- 
ramento, from  November  Ist,  187G,  to  August  ]st,  1877. 

Fko.\i  the  follov.ixg  Statio>:s  to  San  Fraxcisco  : 

ColUnsviUe,  New  York  of  Pacific,  Eio  Vista,  Emmaton,  Jersey  Landing,  Anti- 

och,  Bem'cia,  Clarksburgh,   Courtland,  Maiiinez,  Kerducky,  Bradjord, 

Sacramento,  Vallejo,  and  Webbs. 

143,993  looBe  Salmon,  vreigbing 3,599,950  lbs. 

1,903  boxes  of  Salmou,  weigliiug 284,800  lbs 

3,454  sacks  and  baskets  of  balnion,  ■weighing 345,400  lbs' 

1 28  banvis  of  cured  Salmon,  weighiug 25,'300  lbs  ■ 

053  barrels  and  boxes  of   smoked    and  dried  Salmon, 

weighing 182,788  lbs. 

8,542  boxes  canned  Salmon,  weighing 540,688  lbs. 

Total 5,034,726  Ibg. 

FllOil   'J  UE   FOLLOWING    STATIONS   TO   SaCRAMEXTO  : 

Courtland,  Bcuicia,  Bio  Vista,  Collimville,  Emmaton,  and  Clarksburgh. 

1,511  loose  Salmon,  weighing 37,775  lbs. 

208  baskets  of  Salmon,  weighing ...    20,800  lbs. 

414  boxes  of  Salmon,  weighing 74,350  lbs. 

47  barrels  of  Salmon,  weighing 11,950  lbs. 

FROix  Antiocu  to  Stockton. 

106  loose  Salmon,  weighing. . .   2,650  lbs. 

63  boxes  of  Salmon,  Aveigbing  12,600  lbs. 

Total  weight  of  Salmon 5,194,851  lbs. 

Number  of  Sturgeon. 
5,913  loose  Sturgeon,  weighing 295,650  lbs." 


"Ill  our  last  report,  after  adding  twenty-five  jjcr  cent,  to 
the  statements  of  the  catch  which  we  obtained,  we  showed 
the  total  weight  as  transported  from  the  same  places,  from 
November  1st,  1874,  to  August  1st,  1875,  to  be  five  million 
ninety  eight  thousand  seven  hundred  and  eighty-one  pounds. 
Adding  the  same  percentage  to  the  totals  in  the  above  tables, 
and  they  show  the  catch  from  November  1st,  1875,  to 
August  1st,  1876,  to  be  five  million  three  hundred  and 
eleven    thousand   four   hundred   and  twenty-three  pounds  ; 
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and  from  November  1st,  187G,  to  August  Ist,  1877,  fcix  mil- 
lion four  liundre'd  and  ninety-three  thousand  five  hundred 
and  sixty-three  pounds. 

This  shows  a  gain  of  more  than  a  million  of  pmnds  in 
the  legal  catch  over  any  year  eincc  the  organization  of  the 
Commission,  and  may  be  ascribed  to  the  fact  that  our  waters 
are  now  beginning  to  feel  the  beneficial  eflects  of  the  mil- 
lions of  Salmon  hatched  artificially  and  turned  into  the 
headwaters.  We  have  no  means  of  ascertaining  the  weight 
of  fish  taken  out  of  season,  but  estimate  that  between 
August  1st  and  November  Lst  of  this  year,  not  less  than 
two  million  pounds  were  taken  in  defiance  of  law." 

Thus,  it  will  be  seen  that  the  Salmon  fisheries  of  California 
are  of  hardly  less  importance  than  our  Shad  and  Herring 
fisheries. 

The  distribution  of  Brook  Trout,  in  pursuance  of  the 
programme  given  in  report  of  January,  1877,  will  be  found 
in  tabular  form.  In  addition  to  these,  about  10.000  Lake 
Herring  and  about  15,000  White  Fish  hatched  from  eggs 
gathered  by  Wm.  H,  Hines  from  Lake  Erie  for  the  Com- 
mission, were  placed  in  the  big  pool  on  the  Chesapeake  and 
Ohio  Canal. 

We  have  secured  350,000  Brook  Trout  eggs,  a  large  por- 
tion of  which  have  been  hatched  and  will  be  ready  for  dis- 
tribution about  the  middle  of  January,  and  notice  to  this 
efiect  has  been  very  generally  published  throughout  the 
State. 

It  is  gratifying  to  be  able  to  state  that  the  total  cost  of 
these  fish  will  be  about  $2.55  per  thousand.  AVith  the 
want  of  faoilitica  for  tlie  storage  of  breeding  fish,  and  the 
undeveloped  resourses  of  the  Commission,  this  compares 
very  favorably  with  the  estimated  cost  ( 15  s.  per  thou- 
sand,) of  the  production  of  Trout  at  the  celebrated  establish- 
ment at  Huningen,  under  the  careful  and  econQuiic  manage- 
ment of  Mr.  Haack. 


18 


6MELT-HATCHIXG  OPERATIONS. 

The  eflForts  to  propagate  artificially  the  Smelt,  Osmerus 
rnordax,  of  the  Earitan  river,  Xew  Jersey,  in  1876,  when 
we  procured  the  adult  fish  which  were  about  to  spawn,  as 
they  Avere  taken  from  the  river  in  the  nets  fished  at  New 
Brunswick,  and  transferred  the  fish  to  the  Hatching  House 
in  Druid  Hill  Park,  there  took  the  eggs  and  milt  from 
them,  and  treated  the  same  in  the  apparatus  there  in  use, 
having  resulted  unsuccessfully,  I  determined  to  repeat  the 
experiment,  establishing  headquarters  at  Xew  Brunswick, 
and  taking  the  eggs  from  the  ripe  fisli  as  they  were  landed 
from  the  seines. 

Having  visited  New  Brunswick  with  this  view,  and  made 
the  necessary  arrangements,  I  transferred  the  apparatus 
and  improvised  a  temporary  Hatching  House.  On  the  3d  of 
ilarch,  having  secured  the  services  of  Mr.  H.  J.  Rice, 
Fellow  in  Natural  History  of  the  Johns  Hopkins  University, 
through  the  kindness  of  President  Gilman,  the  able  head  of 
the  University,  I  placed  under  his  direction  Wm.  Hamlen, 
one  of  the  employees  of  the  Commission,  who  had  been  care- 
fully trained  by  me  in  taking  the  spawn  of  several  other 
varieties  of  fish. 

The  record  of  the  operations  at  New  Brunswick  will  be 
found  in  subsequent  table ;  the  detailed  account  of  the 
operations,  and  history  of  the  gradual  development  of  the 
eggs,  will  be  found  in  ^Ir.  Rice's  able  report  appended, 
which  is  illustrated  by  accurate  and  well  executed  micro- 
scopic drawings  made  during  his  sojourn  at  New  Brunswick. 
As  Mr.  Rice  gives  a  full  and  interesting  account  of  opera- 
tions and  natural  history  observations,  I  think  it  unneces- 
sary to  go  into  more  full  details. 

On  the  20th  of  April  I  reached  Baltimore  with  several 
cans  of  young  Smelt — the  result  of  these  experimental  oper- 
ations. It  was  impossible  to  count  them,  or  to  estimate  with 
any  certainty  the  number  of  fish  contained  in  these  cans,  as 
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they  were  very  much  smaller  than  any  we  had  heen  accUs* 
tomecl  to  handle ;  but  I  got  several  parties,  who  had  been 
in  the  habit  of  carrying  Shad,  to  estimate  them,  and  the 
estimates  ranged  from  a  half  to  three-quarters  of  a  million. 
To  be  within  bounds,  I  have  recorded  them  400,000 — the 
number  of  young  Smelt  planted  in  the  waters  of  Maryland. 
About  one-half  of  these  were  deposited  in  the  head-waters  of 
the  Severn,  on  the  21st  April.  About  two-thirds  of  the 
remaining  200,000  were  placed  in  the  head-waters  of  the 
Wye,  The  others  were  left  in  charge  of  Hon.  Edw.  Lloyd, 
Senator  from  Talbot,  who  kindly  transferred  them  to  the 
head-waters  of  the  Saint  Michael . 

In  addition  to  these  young  fish,  some  few  adults  were 
deposited  in  the  Wicomico  river  at  Salisbury,  under  the 
direction  of  the  Hon.  Thomas  Humphries,  who  represents 
Wicomico  county  in  the  Senate. 

If  the  Smelt  can  be  successfully  introduced  into  the  waters 
of  the  Chesapeake  bay,  they  will  be  a  very  valuable  acquisi- 
tion ;  and  that  they  can  easily  be  influenced  by  artificial 
means  has  been  shown  in  Massachusetts.  (See  extract  of 
letter  from  Hon.  Theodore  Lyman  on  page  2.) 

These  fish  being  very  small,  and  liable  to  be  preyed  upon 
by  the  larger  fishes  inhabiting  the  bay  and  the  ueighboring 
ocean,  it  is  necessary  that  they  appear  in  very  great  num- 
bers for  their  presence  to  be  felt. 

By  reference  to  Mr.  Kice's  report,  page  48,  it  will  be  seen 
that  they  are  a  very  prolific  fish,  and  once  established,  the 
supply  can  be  readily  kept  up. 

SHAD-HATCHING. 

Having  been  unable  to  .securo  ripe  fish  in  sutiicient  quan- 
tities at  any  one  point  on  the  smaller  rivers  of  the  State^ 
the  Shad  having  become  scarce  in  these  streams,  I  deter- 
mined to  concentrate  operations  at  some  central  puint  wliere 
a  great  many  largo  fisheries  could  be  visited,  and  the  fish 
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taken  by  them,  overhauled.  The  experiences  of  the  spring 
of  '76  convinced  me  that  a  much  larger  number  of  ripe  fish, 
and  consequently  a  much  larger  number  of  eggs,  could  be 
procured  in  this  manner.  I  therefore  communicated  with 
the  Commissioners  of  Fisheries  for  Virginia,  and  proposed 
that  they  should  join  with  me  in  the  work  on  the  Potomac  ; 
this,  however,  they  declined  to  do,  from  want  of  funds. 
The  appropriation  at  my  command  was  not  sufficient  for  me 
to  equip  two  central  hatching  sta.tions,  and  I  was,  therefore, 
compelled  to  postpone  operations  on  the  Potomac.  I  deemed 
it  more  advisable  to  concentrate  the  work  at  the  Head  of  the 
Bay,  a  more  central  locality  ;  and  a  much  larger  number  of 
citizens  of  the  Sfcate  would  be  benefited  by  the  return 
of  the  fish  deposited  in  waters  over  which  the  State 
had  entire  control,  and  on  which  bordered  all  the  tide-water 
counties,  except  Prince  George,  Charles  and  Worcester. 

The  interest  which  Prince  George,  Charles  and  St.  Mary's 
counties  have  in  the  fish  of  the  Potomac  is  so  large,  and 
the  yield  of  the  fisheries  of  this  river  is  so  important  to  the 
State,  that  the  most  strenuous  efforts  should  be  made  to  re- 
store them. 

It  is  hoped  that  the  General  Assemblies  of  the  two  States 
will  make  the  noocssary  provisions  for  their  restoration  be- 
fore the  next  fishing  season,  and  that  the  States  will  join 
in  the  work  of  artificial  propagation  and  mutual  protection, 
the  beneficial  results  of  which  will  be  shared  })y  their  citi- 
zens in  common. 

Several  hundred  thousand  of  young  Shad  were  transferred 
by  rail  from  the  station  at  the  head  of  the  bay  and  deposited 
in  the  Potomac,  .is  will  be  seen  by  table  of  distribution. 

Hereafter,  witii  the  success  which  must  follow  our  in- 
creased facilities  and  experiences,  very  much  larger  numbers 
can  be  thus  transferred  from  the  bay  to  this  important  river, 
even  if  we  are  not  provided  with  means  to  bear  the  whole 
expense  of  a  separate  station,  or  in  the  event  that  the  Vir- 
ginia Commissioners  do  not  co-operate  with  us. 
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Having  decided,  therefore,  to  concentrate  all  our  energies 
and  means  at  the  head  of  the  ba}',  in  the  neighborhood  of  Havre 
de  Grace,  I  watched  the  condition  of  the  water  and  the  season 
closely.  The  weather  kept  iinusally  cold  during  April,  and 
the  development  of  the  ova  in  the  ovaries  was  very  much 
retarded  ;  it  was  not  until  the  25th  of  April  that  I  found, 
on  visiting  the  battery  of  Capt.  Cole,  which  was  located  just 
above  the  railroad  bridge^  at  the  lower  end  of  AVatson's 
Island,  some  Shad,  with  spawn  considerably  advanced,  and 
the  milt  ripe  in  the  male  fish. 

I  found_,  on  this  occasion,  c[uite  a  number  of  ripe  Herring, 
and  took  some  two  or  three  hundred  thousand  eggs,  v/hich  T 
placed  in  the  hatching  apparatus  on  the  steamer  ;  but  being 
compelled  to  return  to  Baltimore  to  complete  the  equipment 
for  the  Shad-hatching,  the  eggs  could  not  be  left  in  the 
hatching  apparatus  until  matured  ;  the  experiment  made 
with  them,  however,  although  unsuccessful,  was  important 
as  the  first  step  towards  the  work  of  the  future. 

On  the  30th  of  April,  having  secured  from  the  Harbor 
Board  of  Baltimore  the  use  of  three  large  deck  scows,  and 
having  erected  machinery  and  apparatus,  hereafter  described, 
I  had  them  towed  to  the  head  of  Spesutie  Island,  and  a  few 
days  subsequently  to  Havre  de  Grace. 

Havre  de  Grace  was  chosen  at  this  time,  not  only  as  being 
a  very  central  location,  but  as  a  point  from  which  we  could 
get  the  remaining  material  needed  for  the  completion  of  the 
works  on  the  scows.  It  was  not  until  the  8th  of  May  that 
any  ripe  spawn  was  found.  At  this  date,  in  the  neighbor- 
hood of  Havre  de  Grace,  there  were  in  operation  four  bat- 
teries and  one  shore  fishery  above  the  railroad  bridge  ;  below 
the  bridge,  on  the  Susquehanna  flats,  three  more  batteries; 
on  the  western  side  of  the  bay,  the  Old  Bay  Fishery  aud  a 
small  fishery  at  the  mouth  of  Swan  creek,  and  the  upper 
and  lower  fisheries  on  Spesutie  Island. 

On  the  eastern  side  of  the  bay,  the  Cecil  county  side,  the 
large  fisheries  of  Fletcher  Wilson,  Wm.  Wilson,  Caruthers 


&  England,  Eusseil,  and  two  at  Carpent'er's  Point,  owned 
by  Mr.  AVashington  Barnes. 

The  total  length  of  the  seines  of  these  eighteen  fisheries 
is  about  26,350  yards,  and  the  ripo  fish  caught  by  this 
immense  aggregation  of  seine  can  all  be  utilised  for  furnish- 
ing spawn  for  a  central  hatching  station,  by  mea,ns  of 
proper  organization  and  equipment. 

All  of  these  fisheries  were  visited  from  time  to  time.  It 
will  be  seen,  by  reference  to  the  table  showing  the  tempera- 
ture and  the  details  of  the  operations  conducted,  that  the 
air  and  water  continued  quite  cold,  for  this  season,  until 
about  the  12th  of  May,  when  there  was  a  constant  southerly 
wind  and  increase  in  the  temperature  ;  on  the  night  of  the 
14th,  halving  gotten  the  apparatus  in  working  order,  I 
visited,  for  the  first  time,  the  fisheries  on  Spesutie  Island 
and  the  eastern  shore  of  the  bay.  On  this  one  night  I  took, 
at  the  smallest  calculation,  1,250,000  eggs.  These  were 
kept,  during  the  night,  in  the  tanks  on  the  steamer,  and  the 
next  morning  taken  to  Havre  de  Grace. 

The  yield  of  spawn  was  so  much  greater  from  the  fisheries 
on  the  Cecil  side,  that  I  determined  to  move  the  apparatus 
to  Carrot  cove,  on  the  North  East  river  ;  consequent!}',  ou 
the  next  day,  I  had  the  scows  moved  round  to  this  more 
convenient  locality,  and  this  continued  to  be  our  central  sta- 
tion until  the  2Tth,  when  I  deemed  it  advisable  to  niove  tlic 
scows  to  Spesutie  narrows. 

The  water  at  the  mouth  of  the  North  East  and  in  Carrot 
cove,  being  shallow,  was  more  easily  influenced  by  the  tem- 
perature than  the  deeper  and  more  rapidly  flowing  water  at 
Spesutie  narrows.  About  this  time,  the  weather  became  ex- 
ceedingly hot,  and  the  temperature  rose  rapidly  to  78°. 
Spesutie  narrows  was  also  a  more  central  station  for  the  gill- 
nets,  and  as  the  season  Avas  about  closing  for  the  seine-haul- 
ers, Ave  had  to  look  for  our  supply  of  ripe  fish  to  the  gill- 
nets  alone. 
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From  this 'station,  on  the  ht  of  June,  I  commenced  the 
distribution  of  fish,  by  means  of  the  steamer,  to  the  several 
important  rivers  of  the  Eastern  Shore.  On  the  1st  of  June, 
I  deposited  126.000  in  the  Bohemia,  near  the  bridge  across 
that  istream  ;  on  the  same  day,  150,000  in  the  Elk,  and 
285,000  in  the  Sassafras.  I  am  indebted  to  Hon.  Wm.  M. 
Knight  tor  a'ssistance  and  )_2;uidance  in  this  transfer,  as  ho 
aoconipanied  me  on  the  trip  from  the  Bohemia  to  the  Sassa- 
fras. {)n  my  return  to  tlic  hatching  station,  I  took  a  large 
number  to  tlie  Choptank  river,  which  was  reached  on  the 
Uiorning  i>f  the  5th  ;  tlie  fish  in  good  condition.  After 
stopping  a  few  hours  at  Cambridge,  for  the  purpose  of  secur- 
ing a  pilot,  I  proceeded  up  the  river,  and  deposited  510,000 
young  fish  in  tlie  Choptank.  just  below  the  town  of  Denton. 

On  the  11th  of  June,  having  secured  from  the  hatching 
station  300,000  more  fish,  I  proceeded  down  the  bay  to  Cris- 
field,  which  place  I  reached  on  the  morning  of  the  12tli,  in 
time  to  ship  them  by  the  mid-day  freight  train  to  Salisbury. 
'IMu'so  intended  I'or  the  Wicomico,  100,000  in  number,  were 
phiced  in  tliat  river  at  Salisbury,  under  the  supervision  of 
the  Hon.  Thos.  Humphreys,  Senator  from  Wicomico; 
100,000  were  also  shipped  to  the  Pocomoke,  and  deposited  in 
that  stream  at  the  point  at  which  the  Wicomico  and  Poco- 
moke Railroad  crosses  the  stream,  and  100,000  were  placed 
in  the  Nanticoke  at  Seaford. 

Prof.  Baird,  at  my  request,  undertook  the  distribution  of 
the  fish  by  rail  to  those  localities  which  could  not  be  reached 
by  the  steamer.  Accordingly,  he  caused  to  be  transferred 
to  the  Potomac  250,000;  of  these,  150,000  Avere  deposited 
at  Piedmont,  and  the  I'cst  below  Wa,shington  ;  160,000  were 
])ut  in  tlie  Patuxent  river,  where  the  railroad  crosses  it, 
and  50,000  in  the  Gunpowder  river,  near  Cockeysville. 
This  completed  the  distribution  of  Shad  in  Maryland  waters, 
making  in  all  7,419,300. 

An  interesting  account  of  the  operations  at  the  head  of 
the  bay,  and  the  development  of  the  ova  of  the  Shad,  will 
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be  found  in  Mr.  Rice's  report  to  me  of  his  observations  upon 
the  development  of  the  Shad,  on  page  95,  et  seq. 

The  Frontispiece  of  this  report  is  a  representation  of  the 
apparatus  referred  to  on  page  7,  which  Avas  erected  on  the 
steamer  Lookout. 

This  apparatus  consists  of  tank  "B."  which  is  placed  on 
a  tank  "C,"  to  give  it  an  elevation  sufficient  to  supply  the 
several  inverted  cones  ''A/'  with  a  constant  circulation  of 
water  ;  this  is  supplied  by  means  of  a  steam  pump^  located 
below  the  deck  and  provided  with  steam  from  the  boiler, 
which  also  supplies  the  main  engine.  The  water  is  drawn 
direct  from  overboard  through  the  sea-cock,  and  is  con- 
ducted from  tank  "B"  through  filters  ''a,"  and  rubber  tubes 
attached,  to  the  apices  of  the  inverted  cones,  and  overflows 
at  ''f."  The  waste  Avater  is  conducted  through  pipes  *''e" 
into  waste-tank  ^'D,"  and  thence  carried  overboard  through 
pipe  "E."  The  distributing-tank  "B"  is  provided  with  a 
tube  ''g,"  which  serves  a  double  purpose — an  outlet  for  the 
air,  and,  when  necessary,  an  overflow  for  the  surplus  water. 
When  it  is  necessary  to  furnish  a  stronger  flow  by  direct 
action  of  the  pump,  the  rubber  tubes  can  be  transferred  from 
the  filters  '^a"  to  pipes  '*'d,"  and  the  valve  at  "b"  shutofi",  so 
as  to  force  the  water  directly  into  the  inverted  cones.  The 
pump  is  furnished  with  two  suction  orifices,  and  when  run- 
ning in  salt  water,  the  outlet  "E"  is  so  arranged  that  by 
turning  it  into  the  hatch  shown  in  the  drawing,  and  at- 
taching it  to  the  suction  pump,  the  water,  after  having 
p-assed  through  the  hatching  cones  "A,"  is  repumped  into 
tank  '^B,"  and  a  circulation  of  the  same  water  kept  up. 

The  large  tank  ''C,"  which  is  used  for  a  support  to  tank 
B,  is  also  supplied  with  fresh  water,  to  replace  any  waste 
i'roui  splashing,  evaporation,  occ.  It  will  be  seen  that  by 
means  of  this  apparatus,  hatching  operations  can  be  con- 
ducted on  board  the  steamer,  whether  in  motion  or  lying  at 
anchor,  either  in  fresh  water,  when  the  supply  is  taken  from 
overboard,  or  in  salt  water,  when  the  circulation  and  renewal 
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of  the  water  is  kept  up  by  tlic  arrangement  rcrcrrcd  to. 
The  thorough  efBciency  of  tliis  apparatus  was  demonstrated 
last  spring,  as  in  the  five  tanks  shown  in  the  drawing,  over 
a  million  of  eggs  were  easily  kept  during  twelve  or  fifteen 
hours,  until  the  central  hatching  apparatus  was  reached  ; 
and,  in  some  cases,  several  hundred  thousand  eggs  were  kept 
in  these  tanks  from  the  time  they  were  taken  until  com- 
pletely developed  and  the  fish  dis\rihuted. 

These  vessels  were  also  very  efficient  for  transferring  the 
young  fish  from  one  portion  of  the  State  to  another.  In 
this  constant  circulation  of  the  water,  the  fish  can  he  trans- 
ferred much  better  than  in  the  ordinary  transfer  cans,  such 
as  shown  in  the  illustration.  The  other  form  of  apparatus 
which  was  used  at  the  central  station,  is  fully  described  in 
the  specifications  of  the  patent,  as  follows  : 

THOMAS    BARKER    FERGUSON'S 

IMPROVED     FISFI     HATCHING     APPARATUS. 

This  invention  rilatcs  to  methods  and  devices  for  batcbiug  spawn  of  lishes, 
and  has  for  its  object,  to  hatch  such  spawn  iu  still  waters  where  the  current 
will  not  impart  sufficient  motion  to  the  egg3,  or  furnish  them  with  a  suffi- 
cient change  of  water  ;  and  also  iu  waters  exposed  to  storms.  To  this  end, 
the  nature  of  the  invention  consists  iu  a  series  of  vessels  in  which  the  spawn 
is  placed,  combined  with  a  mechanism  that  will  impart  sufficient  motion  to 
the  vessels  to  create  the  necessary  current  and  change  of  water.  It  also 
consists  iu  the  construction  of  the  spawn  vessels,  and  iu  the  construction 
and  combination  of  parts,  as  will  be  hereinafter  more  fully  set  forth. 

The  annexed  drawings,  to  which  reference  is  made,  fully  illustrate  my 
invention.  A  A  represent  a  series  of  cylindrical  vessels  made  of  sheet 
metal  or  other  suitable  material,  and  of  any  suitable  dimensions,  and  which 
may  be  made  slightly  tapering,  or  not,  as  may  be  deemed  most  advantageous 

Each  vessel  A  is  provided  at  its  lower  end  with  a  bottom  Z?  of  wire  cloth 
or  similar  material,  which  is  held  iu  place  by  means  of  a  metal  band  C  as 
shown.  Under  certain  circumstances,  the  top  of  the  vessel  may  be  provided 
with  a  similar  wire  cloth  B',  held  in  place  by  a  metal  band  C";  this  latter 
band  being  placed  within  the  vessel,  while  the  bottom  band  C  surrounds  the 
lower  end  of  the  vessel  on  the  outside. 

By  this  means  the  wire  cloths  B  and  B'  can  be  easily  removed  when 
required,  and  as  easily  replaced. 
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The  vessels  A  are  provided  at  tbe  top  with  euilable  haudles  a  a,  and  are 
EUfpended  by  means  of  wires,  cords  or  chains  b  h,  from  the  devices  herein- 
after de&crited. 

jETrepr^ents  the  hull  of  a  boat,  scotv  or  other  vessel,  or  pier,  on  each  side 
of  wh'ch  is  arranged  a  series  of  levers  D  D,  yjivoted  on  such  boat  or  vessel, 
and  their  outer  ends  projecting  a  suitable  distance  beyond  the  side  of  the 
same.  These  levers  D  on  each  side  of  the  vessel  may  be  arranged  singly  or 
ia  pairs.  If  in  the  latter  way,  the  two  levers  forming  a  pair  Lave  a  rod  d 
passing  through  their  out*r  ends,  and  a  series  of  vessels  A  are  suspended 
from  said  rod  by  means  of  the  cords  or  chains  b. 

The  vessels  A  thus  hang  outside  of  the  boat  or  vessel  in  the  water  in  such 
a  manner  that,  when  the  lowest,  they  will  only  be  about  two-thirds  under 
water.  The  hmer  ends  of  the  corresponding  levers  on  the  two  sides  of  tbe 
lx>at  may  be  connected  together  as  shown,  or  in  any  other  suitable  manner, 
or  they  may  be  left  entirely  disconnected  if  so  desired.  These  levers  arc 
operated  by  a  series  of  eccentrics  IT,  set  at  varying  arig.es  upon  a  continu- 
ously rotating  shaft  G,  connected  to,  and  rotating  by  a  tteam  engir:e,  or 
other  suitable  motive  power. 

The  levers  D  may  be  mounted  above  the  deck  of  the  vessel,  or  tbcy  may 
be  arranged  below  the  deck,  and  project  through  the  sides  of  the  vessel ;  and 
the  shaft,  with  the  eccentrics,  arranged  to  correspond  with'the  location  of 
the  levers.  In  either  case,  these  eccentrics  should  be  of  such  form  that  a 
elow  mot'on  upward  would  be  secured  for  the  vessels  A.  while  they  should 
move  more  rapid,  though  gradually,  downward. 

By  this  means  a  current  is  created,  even  in  still  waters,  sufficient  to  keep 
the  eggs  placed  in  the  vessels  A  in  motion,  and  change  the  water  through 
tbe  wire  cloths  in  the  bottoms  of  the  vessels. 

"When  the  boat  or  vessel  is  placed  in  water  having  a  sufficient  current,  no 
movement  of  the  levers  D  is  necessarj';  and  in  such  cate,  each  vessel  A  is 
held  in  an  inclined  position  by  means  of  a  side  chain  or  rope  e,  so  as  to  allow 
the  current  to  pass  through  the  vessel.  In  such  case,  as  well  as  in  storms 
the  tops  2^ should  be  put  on  the  vessels  A  to  protect  the  spawn. 

The  vessels  A  being  cylindrical  in  form,  present  no  angles  or  comers  in 
which  sediment,  dirt  or  matter  deleterious  to  the  life  and  development  of 
the  spawn  can  collect,  and  they  are  easily  kept  clean.  Being  made  of  sheet 
metal  or  other  metallic  substance,  it  prevents  the  development  of  injurious 
fuDgi-«nd  conferva.  Another  advantage  of  the  cylindrical  form  of  the  vcs- 
Beis  is,  that  it  requires  less  force  in  its  movement  in  the  water  than  a  tox 
having  angles  or  comers 

By  this  invention,,  the  spawn  of  fishes  may  be  hatched  in  still  waters,  cur- 
rents, and  waters  exposed  to  storms. 

Ilaving  thus  descrilxrd  my  invention,  what  I  claim  as  new,  and  desire  to 
«?ecure  by  letters-patent,  is— 

Itt.  In  the  hatching  of  fish  spawn :  the  method  of  producing  change  of 
water  in  the  vessels  containing  the  spawn,  and  currents  for  moving  the 
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eggs,  which  consists  in  reciprocating   the  boxes  or  vessels  in  the  water. 
Bubstantially  as  herein  set  forth. 

2d.  One  or  more  scries  of  vessels  for  containing  spawn,  in  combipation 
with  a  mechanism  for  moving  the  same  up  anil  down  in  the  water,  sub 
stantially  as  and  for  the  purposes  herein  set  forth. 

8d.  The  combination  of  the  cylindrical  vessel  A,  wire  cloths  U  B',  aiul 
fastening  bands  C  C\  substantially  as,  and  for  the  purposes  herein  set  forth. 

4th.  As  a  means  for  the  hatching  of  fish  spawn,  the  combination  of  a  port, 
able  scow  or  other  vtssel  with  a  scries  of  vessels  A,  suspended  from  pivoted 
levers  Z>,  which  are  operated  by  a  series  of  eccentrics  /,  set  fit  varying 
angles  on  a  continuously  rotating  shaft  G,  substantially  as  set  foith. 

The  period  in  wliica  Shad-liatching  operations  can  be  suc- 
cessfully carried  on  in  Maryland  waters,  is  limited  by  tiie 
conditions  and  temperature  of  the  water,  to  about  six  weeks^ 
extending  from  the  last  week  in  April,  tlie  time  when  the 
first  ripe  fish  are  found,  until  the  10th  of  June,  when  the 
catching  of  Shad  is  prohibited  by  law,  and  fishing  ceases. 
The  necessity  for  extending  the  period  in  which  the  gather- 
ing of  spawn,  and  the  development  of  the  same,  can  be  con- 
ducted, caused  me  to  investigate  the  state  and  conditions  of 
the  fisheries  further  south,  believing  that  by  taking  advan- 
tage of  the  earlier  run  of  fish  into  the  rivers  more  southern 
than  those  flowing  into  the  Chesapeake  bay,  active  operations 
in  the  field  could  be  commenced  some  five  or  six  weeks 
earlier,  and  a  very  much  larger  number  of  young  fish  pro- 
cured for  stocking  the  streams  of  the  State. 

With  this  view,  I  communicate.l  with  the  Commissioners 
of  North  Carolina  and  Virginia,  and  they  exprci^scd  their 
willingness  and  desire  to  co-operate  in  the  work  at  points 
within  their  States.  Having  been  informed  by  Dr.  Wm.  R. 
Capehart,  the  owner  and  operator  of  two  extensive  fisherie^i 
on  the  Albemarle  sound,  that  spawning  tish  could  V)e  liad  in 
large  numbers  in  the  neighborhood  of  his  fisliL-ries  during 
the  fishing  season,  which  commences  about  the  1st  of  March 
— as  Dr.  Capehart's  intelligent  observations  ould  bo  relied 
on — I  deemed  it  of  sufficient  importance  to  the  luture  of  our 
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fisheries  to  make  as  thorough  examination    of   Albemarle' 
sound  and  its   tributaries,    as   possible  to  be  made  during 
the  winter  months,  when  no  fishing  operations  are  conducted. 

Accordingly,  by  appointment,  I  met  Col.  L.  L.  Polk, 
Commissioner  of  Agriculture,  also  having  charge  of  the 
Department  of  Fish  Culture  of  North  Carolina,  and  Dr. 
Wm.  R.  Capehart,  and  together  we  visited  the  several  fish- 
eries on  the  sound,  as  well  as  those  on  the  Chowan  and 
Roanoke  rivers.  On  investigation,  we  found  the  most  favor- 
able circumstance  surrounding  these  great  fisheries ;  the 
accompanying  map  will  show  the  location  of  the  fisheries, 
and  the  lengths  of  seines  used. 

Almost  all  of  the  fisheries  laid  down  on  the  map  are  oper- 
ated by  the  owners  of  the  adjacent  farms,  who  are  men  of 
intelligence  and  culture,  of  enlarged  and  liberal  views,  and 
we  are  assured  of  the  hearty  co-operation  of  the  entire  com- 
munity of  fishermen. 

The  Albemarle  sound,  65  miles  in  length,  and  from  5  to 
15  miles  in  width,  receives  from  its  tributaries,  the  Roanoke 
and  Chowan  rivers,  the  entire  water-shed  of  the  northern  and 
eastern  portion  of  Xorth  Carolina,  and  the  southern  portion 
of  Virginia,  east  of  the  divide  in  i\Iontgom8ry,  Floyd  and 
Carroll  countie-^,  besides  the  contributions  of  fresh  water 
from  the  shorter  eastern  rivers  of  North  Carolina,  flowing 
through  Bertie,  Perquimans,  Pasquotank,  Carroll,  Tyrol! 
and  Washington  counties. 

This  immense  supply  of  fresh  water  is  spread  out  over  the 
comparatively  shallow  sound,  which  affords  admirable 
spawning  beds  f  u-  Shad,  Herring  and  Rock.  The  brackish 
water  does  not  find  its  way,  even  in  the  dryer  months  of 
summer,  higher  than  the  mouth  of  the  Pasquotank,  for  the 
communication  with  the  salt  water  of  the  ocean  is  limited  to 
Oregon,  New,  Loggerhead,  Hatteras  and  Ocracoke  inlets, 
all  narrow  and  comparatively  shallow. 

The  salt  water  entering  these  inlets  to  replace  the  fresh 
water  discharged  from  the. sound,  must  pass  through  the 
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channel  between  Koanoke  island  and  the  main  land,  which 
is  about  2^  miles  across,  with  an  average  depth  of  about 
nine  feet.  During  the  spring  months,  the  period  of  the  run 
of  Shad,  Herring  and  Rock  in  seeking  their  spawning  beds, 
the  Albemarle  sound  is  entirely  fresh,  and  oiters  to  them 
the  most  suitable  localities  for  spawning. 

It  will  be  seen  by  reference  to  the  accompanying  map, 
that  most  of  the  large  seines  which  yield  even  in  the  depleted 
condition  of  the  fisheries  500,000  Shad  and  45,000,000  Her- 
ring, and  300,000  lbs.  of  Rock  (Roccus  lineatus),  are  located 
within  16  miles  of  the  mouth  of  the  Chowan  river. 

I  have  pointed  out  to  Prof.  Spencer  F.  Baird,  U.  S.  Com- 
missioner of  Fisheries,  the  great  advantages  offered  by  this 
locality  for  procuring  young  Shad  for  distribution  through- 
out the  United  States  ;  and  it  is  now  proposed  that  a  joint 
work  should  b3  conducted  by  the  U.  S.  Commissioner,  and 
the  Commissioners  of  North  Carolina,  Virginia  and  Mary- 
land, at  this  point. 

Should  our  arrangements  be  perfected,  I  am  confident 
that  immense  numbers  of  Shad  can  be  procured  for  deposit 
in  the  streams  of  Maryland,  before  the  hatching  operations. 
can  commence  within  our  own  limits.  They  can  be  trans- 
ported with  little  cost  by  means  of  the  steamer  "  Lookout," 
through  the  Albemarle  and  Chesapeake  canal  and  the  lower 
bay  to  Crisfleld  ;  t'.ience  by  rail  to  the  rivers  of  the  Eastern 
Shore.  By  thoroughly  stocking  these  rivers  with  this  earlier 
supply  of  young  fish,  it  would  leave  the  results  of  our  oper- 
ations later  in  the  season,  for  deposit  in  the  Potomac,  in  the 
Susquehanna,  in  the  Gunpowder,  in  the  Patuxent,  and  in 
the  other  rivers  of  the  north-western  portion  of  the  State. 

As  the  Albemarle  sound  has  long  been  celebrated  for  the 
immense  number  and  size  of  its  Rock  fish,  I  hope  and  be- 
lieve that  we  will  there  be  able  to  find  ripe  Rock.  I  have 
anxiously  searched  for  spawning  Rock  during  the  four  years 
that  I.  have  conducted  the  Shad  culture  in  Mar  viand. 
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I  beg  leave  here  to  express  my  appreciatian  of  the  kind- 
ness shown  by  Dr.  Capehart_,  and  the  intelligent  and  public 
spirited  owners  of  the  fisheries  of  Albemarle  sound,  and  also 
to  Col.  Marshall  Parks,  the  President  of  the  Albemarle  and 
Chesapeake  canal,  who  generously  tendered  me  the  use  of 
the  canal  free  of  tolls, 

BLACK  BASS. 

The  general  prejudice  which  has  prevailed  against  the 
introduction  of  the  Black  Bass  into  our  Shad  and  Herring 
rivers,  has  deterred  me  from  stocking  such  rivers  with  this 
fish,  although  I  do  not  join  in  this  j)rejudice ;  but  on  the 
contrary,  believe  they  would  be  valuable  acquisitions,  espe- 
cially to  the  dark  water  rivers  of  the  Eastern  Shore,  which 
have  not  mountain  sources,  and  for  this  reason  are  not  suit- 
able for  the  more  valuable  Salmon. 

While  this  prejudice  against  the  Bass  has  prevented  a 
general  distribution  of  them  to  the  Shad  rivers,  the  want  of 
means  has  prevented  a  distribution  to  private  ponds,  as  the 
appropriation  has  not  been  sufficient  to  warrant  work,  except 
for  the  restoration  of  the  public  waters,  where  the  greatest 
amount  possible  could  be  accomplished  for  the  general  good. 

The  very  numerous  applications  which  have  been  received, 
especially  from  those  persons  having  large  ponds  in  the 
comparatively  flat  regions  of  the  State,  have  caused  me  to 
make  arrangements  for  a  large  supply  of  both  the  small- 
mouth  Bass,  {Micropterus  salmoides),  and  the  large-mouth 
variety,  (M.  nigricans),  whicli  I  hope  to  distribute  before  their 
spawning  season  in  the  spring. 

The  small-mouth  Bass  is  better  adapted  to  the  clearet*, 
colder  and  more  rapid  flowing  waters,  and  the  large-mouth 
Bass  for  ponds  and  tidal  rivers;  the  latter  is  perhaps  the  most 
valuable,  as  being  of  more  rapid  growth,  and  attaining  a 
greater  size. 

A  gratuitous  distribution  of  Bass,  as  that  proposed  of 
Brook  Trout,  will  supply  those  localities  which  are  not 
suited  for  the  Trout. 
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Three  importations  of  European  Carp,  made  under  the 
auspices  of  Prof.  Baird,  U.  S.  Commissioner,  have  hitherto 
been  reported.  Those  brought  out  by  Dr.  Hessel,  though 
of  the  best  variety,  were  in  insufficient  numbers  ;  and  those 
brought  over  by  Mr.  AVelsher  having  proved  to  be  an  inferior 
variety  of  Carp,  Prof.  Baird  determined  to  attempt  another 
importation,  and  Dr.  Hessel  accordingly  returned  to  Europe, 
and  in  May  hist  reached  New  York  with  his  cargo,  and  from 
thence  brought  tlie  fish  to  Baltimore^  arriving  on  the  night 
of  26th  of  May,  with  79  King  Tench,  (Cijprinus  tinea),  227 
Naked  Carp,  {Qypr'imisnudus),  118  Common  Carp,  {Cyprinus 
carpio).  These,  Dr.  Hessel,  wlio  has  had  great  experience 
in  Carp  raising,  reports  to  be  from  the  best  ponds,  and  of 
the  choicest  varieties  known  in  Europe. 

As  it  is  desirable  to  keep  the  different  varieties  separate, 
and  as  more  storage  room  was  needed  in  Druid  Hill  Park, 
application  was  made  to  the  City  Council  for  sufficient  means 
to  construct  additional  ponds.  In  response  to  this  applica- 
tion, one  thousand  dollars  was  appropriated  for  this  purpose; 
and  under  the  supervision  of  the  Park  Commissioners,  three 
large  and  v/ell-designed  ponds  are  now  in  progress  of  con- 
struction. When  these  are  completed,  we  will  have  five 
large  ponds  in  which  to  keep  the  breeding  fish,  besides  the 
small  ponds  in  which  it  is  designed  to  mature  the  eggs 
taken  artificially  from  the  parent  fish. 

For  the  purpose  of  transferring  the  fish  across  the  ocean, 
I  designed  and  had  constructed  an  apparatus  in  which  it  was 
hoped  that  this  transfer  would  be  successfully  made.  It 
was  intended  that  the  fish  should  be  brought  direct  from 
Bremen  to  Baltimore,  in  one  of  the  Baltimore  steamers,  as 
much  greater  space  could  bo  devoted  to  the  reception  of  the 
apparatus  on  this  line  than  on  steamers  entering  New  York, 
and  the  most  liberal  accommodations  were  oftered  by  the 
agents  of  the  North  German  Lloyd  at  this  port.  This  appa- 
ratus  was  transported  to  Europe  by  the  company  free  of 
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charge.  It  consisted  of  two  tanks,  one  of  these  to  be  eleva- 
ted above  the  tanks  in  which  the  fish  were  to  be  placed,  and 
located  under  one  of  the  skylights.  This  tank  supplied  the 
water  to  the  vessels,  which  consisted  of  deep  tubs  swung  in 
gimbals,  so  as  to  keep  them  horizontal,  notwithstanding  the 
motion  of  the  vessel. 

The  water  w^as  transferred  from  the  reservoir  through  rub- 
ber tubes,  to  which  were  attached  a  contrivance  for  forcing 
air  to  the  bottom  of  the  water  in  the  fish  tanks.  As  this 
was  effected  by  the  passage  of  the  water  through  the  tubes, 
it  worked  automatically.  In  this  way  the  fish  were  supplied 
with  the  necessary  oxygen. 

The  overflow  was  conducted  into  a  tank  similar  to  and  of 
the  same  capacity  as  that  above,  and  thence  transferred  by 
means  of  a  force  pump  to  the  distributing  tank.  In  this 
manner,  a  constant  change  and  circulation  of  water  could  be 
kept  up  without  annoyance  to  the  fish,  and  the  water  easily 
saturated  with  atmosphere. 

I  understand  that  Dr.  Hessel  could  not  get  sufficient 
accommodations  on  the  New  York  steamer  in  which  he  took 
passage,  and  therefore  did  not  use  the  apparatus. 

The  fish  were  a  good  deal  bruised  on  the  passage,  and 
arrived  in  bad  condition  ;  several  of  them  died  subsequent 
to  their  arrival  at  Druid  Hill  Park.  With  the  increased 
facilities  for  caring  for  the  fish  in  separate  ponds,  it  is  hoped 
that  in  a  few  years,  the  young  from  these  several  importa- 
tions will  bo  sufficiently  numerous  to  stock  many  of  the 
ponds  to  which  these  fish  will  be  a  valuable  acquisition. 

Especial  acknowledgment  is  due  to  the  Commissioners  of 
Public  Parks,  who  have  aided,  with  the  means  at  their  dispo- 
sal, the  work  of  construction  of  ponds,  &c.,  when  the  specific 
appropriations  have  been  inadequate ;  and  to  the  Water 
Board  of  Baltimore,  for  their  liberality  in  supplying  water 
during  the  winter  months,  when  a  much  larger  supply  than 
that  afforded  by  the  spring  is  necessary  for  carrying  on  the 
extensive  operations  ^vhich  are  conducted  at  the  Hatching 
House. 
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BUFFALO  FISH. 

Tho  introduction  of  the  Buffalo  Fish  is  the  unfulfilled 
promise  made  by  the  Commission^  but  I  trust  that  this  will 
be  accomplished  during  the  coming  spring,  as  I  believe  that 
this  fish  will  bo  a  very  valuable  acquisition  to  our  fresh 
waters,  especially  for  the  more  stagnant  ponds,  which  will 
not  support  any  of  the  game  fishes,  and  those  ponds  too 
limited  in  capacity  to  supply  natural  food  for  a  large  number 
of  fish. 

The  Buffalo  Fish  is  readily  domesticated,  and  can  be  fed 
on  much  of  the  refuse  from  a  farm.  In  this  opinion  I  am 
sustained  by  Dr.  E.  Sterling,  who  is  a  well  known  and  compe- 
tent icthyologist.  Dr.  Sterling  writes  me  :  ''I  see  that  you 
are  in  favor  of  introducing  the  Lake  Mullet,  or  Buffalo 
Sucker,  (Oafostomus  aureolus — Lesseur,)  as  it  is  commonly 
called,  and  I  think  you  are  right.  It  is  a  rapid  grower,  and 
attains  here,  in  three  or  four  years,  the  weight  of  7  to  9  lbs. 
It  domesticates  as  readily  as  the  European  Carp,  will  feed 
off"  the  garbage  of  the  kitchen,  and  is  by  far  the  best  table 
fish  of  the  two"  *  *  *  *  '-Some  years 
ago  a  Hungarian  in  my  father's  employ  planted  a  number 
of  small  Mullet  in  a  narrow  deep  pond  of  four  acres.  The 
stream  supplying  was  of  a  surface  character,  so  much  so  that 
for  weeks  in  the  hot  weather  no  water  was  supplied  by  it  to 
the  pond  ;  yet,  the  fish  flourished  all  the  same.  They  were 
fed  on  whatever  came  handy  from  the  house,  grew  rapidly, 
and  became  so  tame  as  to  approach  at  the  sight  of  any  one 
coming  near,  especially  to  feed  them.  At  the  end  of  the 
third  season,  many  had  become  quite  large,  weighing  over 
five  pounds,  and  during  the  cold  weather  were  con.sidered 
delicious  food."     Thus,  it  will  be  seen  that  by  the  transfer  of 


34 


this  fish  from  the  western  Avaters  a  comparatively  good  food- 
fieh  can  he  secured  for  our  ponds^  until  the  Carp  hecome 
numerous  enough  for  general  distribution. 


LIST     OF     FISHES. 

The  investigations  of  the  past  year  have  enabled  us  to  add 
12  species  to  the  190  enumerated  in  reports  hitherto  pub- 
lished, making  in  all  202  species  known  to  Maryland  waters. 
No  doubt,  future  collections  will  furnish  yet  additional 
specimens  to  our  already  large  representation. 

The  descriptive  list  of  these  additional  jBshes,  with  obser- 
vations on  the  fall  advent  of  the  Blue  Fish,  and  their  fore- 
runner, the  Ale-wife,  (Z».  menhaden,)  made  by  Mr.  Otto 
Lugger,  the  energetic  custodian  of  the  Museum  of  the 
Maryland  Academy  of  Sciences,  will  be  found  on  page?  Ill, 
and  following. 

In  the  identification  of  these  species,  we  are  indebted  to 
Prof.  Spencer  F.  Baird,  Prof.  Theo.  Gill,  Prof.  G.  Brown 
Goode  and  Dr.  T.  H.  Bean,  of  the  Smithsonian  Institution, 
aad  also  to  Prof.  P.  R.  Uhler,  President  of  the  Maryland 
Academy  of  Sciences,  for  valuable  assistance. 

PEOTECTION. 

The  history  of  the  Avork  of  the  Commission  for  the  past 
four  years,  does  in  itself  embrace  the  suggestions  for  the 
protection  and  propagation  of  the  food-iishes  in  the  waters  of 
the  State,  which  section  4,  chapter  27,  Laws  of  1876,  makes 
our  duty  to  report,  but  as  a  reference  to  the  modes  of  captur- 
ing, as  now  resorted  to  in  our  waters,  may  in  some  measure 
be  a  guide  to  the  more  effectual  means  of  protecting  our  fish 


from  undue  destruction  by  them,  it  may  be  well  to  revieAv 
the  means  employed  ;  they  are — 

1st.  Angling,  or  the  capture  by  the  use  of  hook  and  line. 

2d.  Spearing,  either  during  the  day  when  the  fish  are 
found  in  shallow  water,  or  by  the  use  of  torch  lights  along 
the  shore  at  night. 

3d.  Fish  baskets  or  fish  weirs. 

4th.  Haul  seines. 

oth.   Gill  nets. 

6th.  Fyke  nets. 

7th.  Pound  nets. 

8th  Purse  seines. 

There  can  never  be  any  material  injury  resulting  from  tho 
first  of  these  methods,  as  in  angling,  fish  are  taken  while  in 
pursuit  of  food,  and  as  this  is  limited  to  certain  times  of  the 
day  or  periods  of  the  year,  even  if  an  unlimited  number  were 
engaged  in  capturing  fish  with  the  line,  there  could  not  bo 
that  steady  drain  that  results  from  the  other  methods  ;  but 
for  the  better  protection  of  fish,  especially  those  inhabiting 
the  upper  waters  beyond  the  influence  of  tide,  the  breeding 
season  of  each  variety  should  be  set  aside,  during  which  they 
should  not  be  captured  even  by  angling. 

Not  only  does  their  preservation  and  increase  necessitate 
this  protection,  but  as  the  flesh  of  spawning  fish  is  unwhole- 
some and  unfit  for  food,  the  protection  of  health  also 
demands  it  as  a  sanitary  measure. 

The  2d  method,,  spearing,  is  not  to  any  very  great  extent 
resorted  to  within  our  State,  but,  as  it  is  most  efficient  when 
the  fish  arc  on  their  spawning  beds,  and  more  vigilant  iu 
guarding  their  nests  than  in  providing  for  their  safety,  and 
as  it  is  resorted  to  chiefly  at  night,  when  ther^i  is  little  prob- 
ability of  well  legulating  the  u.se  of  the  spear,  under  the 
supervision  of  the  law,  this  method  should  b.'  prohibited 
altogether. 

These  two  methods  of  capture,  are,  however,  simply  re- 
sorted to  for  supplying  a  home  cofisum|itio;i  and  local  demand. 
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Except  with  some  fishes  •which  do  not  frequent  our  waters, 
they  are  rarely  resorted  to  as  a  means  for  supplying  fish  for 
an  extensive  market  or  for  export. 

Fish  baskets  or  weirs,  as  described  in  previous  reports, 
are  also  used  for  meeting  a  home  demand  and  furnishing  a 
local  supply,  but  as  the  injui'V  they  do  to  the  streams  in 
which  they  are  operated,  and  their  capacity  for  destruction 
is  so  much  greater  than  the  amount  of  good  produced,  their 
use  should  be  prohibited  by  law. 

The  haul  seine  is  perhaps  the  most  ancient  and  extensive- 
ly resorted  to  method  for  capturing  fish,  not  only  to  furnish 
a  comfort  for  home,  but  for  supplying  the  general  market. 

There  is  a  considerable  amount  of  capital  invested  in  haul 
seines  and  their  necessary  equipments,  and  a  very  largo 
yearly  yield  of  hoalthy  food  is  derived  from  the  seine  fisheries 
of  our  State. 

As  there  arc  large  interests  involved,  and  as  an  immense 
food  supply  is  furnished  for  home  consumption  and  export, 
by  the  haul  seine,  the  advantages  and  disadvantages  of  this 
method  should  be  carefully  weighed,  so  as  to  avoid  any 
unjust  discrimination  against,  or  undue  license  to  its  em- 
ployment. 

The  haul  seine,  the  gill  net,  stationary  or  floating, 
and  the  pound  net,  are  each  operated  by  separate,  distinct 
and  antagonistic  interests.  Each  class  has  much  to  say  in 
favor  of  its  special  mode  of  capture,  and  a  very  great  deal 
against  that  of  every  other. 

Those  operating  the  haul  seine,  while  acknowledging  that 
they  capture  every  thing  within  their  "  lay  out,"  and  that 
all  the  fish  are  destroyed  that  are  brought  to  shore,  yet 
argue,  and  with  eftect,  that  they  are  only  oj)erated  periodi- 
cally, and  that  the  fish  are  undisturbed  for  several  hours 
during  the  day,  and  an  opportunity  oifered  for  many  to 
reach  their  spawning  beds. 

The  largest  seines  and  tlie  greatest  number  of  men  are 
employed  during  the  spring,  at  the  time  of  the  run  of  Shad 
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and  Herring,  and  with  many  of  tlio  larger  ones  nofc  more 
than  two  or  three  hauls  are  made  during  the  twenty-four 
hours,  which  gives  the  fish  considerable  opportunity  to  pass 
and  reach  their  spawning  beds. 

The  haul  seines  are  not  operated  until  the  close  of  the 
spawning  season,  but  allow  the  lish  which  have  escaped,  a 
considerable  time  to  spawn  undisturbed.  Again,  the  young 
Shad  and  Herring  are  not  in  the  water  at  the  time  that  the 
seines  arc  used  for  the  capture  of  the  adults,  and  they  do  not 
materially  injure  the  young  of  these  fish — they  are,  however, 
very  injurious  to  the  partially  grown  of  other  varieties. 
The  lead  line  dragged  over  the  bottom,  almost  constantly, 
no  doubt  destroys  great  quantities  of  spawn,  but  more  espe- 
cially that  of  other  varieties  than  the  Shad. 

The  gill  net  is  very  extensively  used  in  Maryland,  princi- 
pally for  the  capture  of  Shad,  although,  of  late  years,  Her- 
ring gill  nets  are  becoming  very  generally  used,  both  on  the 
Potomac  and  upper  ba,y. 

Those  operating  the  gill  nets,  argue  in  favor  of  this  mode, 
that  the  meshes  are  so  large,  that  none  but  the  large  mar- 
ketable fish  are  captured,  while  the  small  fish  pass  through 
freely,  and  that  in  many  localities  they  can  only  operate 
these  nets  at  night  and  at  certain  stages  of  the  tide,  giving 
the  fish  good  opportunity  for  reaching  their  spawning  beds  ; 
however,  in  som-i  localities  where  the  water  is  not  clear 
enough  to  enable  the  fish  to  avoid  the  nets  during  the  day, 
they  are  kept  in  the  water  almost  constantly,  and  have 
no  doubt  contributed  very  materially  to  turn  back  the  fish, 
and  prevent  them  from  reaching  their  natural  spawning 
beds  in  the  upper  waters. 

Very  many  of  the  smaller  fish  of  the  Shad  and  Herring, 
which  effect  their  escape  from  the  gill  nets,  are  taken  in 
seines  higher  up  the  rivers  I  have  found  the  spawn  dead  in 
almost  all  those  fish  that  I  have  examined,  thus  showing  that 
although  they  themselves  may  escape,  they  will  not  repro- 
duce after  being  bruised  by  thoir  struggle  through  the  meshes. 


The  fyke  net  is  not  very  extensively  used  in  Maryland 
waters,  but  the  principal  objection  to  its  use  is^  that  it  is 
one  of  that  character  of  apparatus  which  can  be  constantly 
operated. 

The  net  with  its  leaders,  often  occupying  the  entire 
width  of  the  smaller  streams,  prevents  the  passage  up  or 
down  of  any  fish  too  large  to  pass  through  its  meshes. 
This,  with  the  pound  net  and  other  stationary  apparatus  for 
catching  fish,  should  only  be  permitted  under  restrictions 
which  would  cause  its  being  taken  from  the  water  periodi- 
cally during  the  migrations  of  the  fish. 

Those  operating  the  pound  nets  claim  the  same  advan- 
tages that  the  gillers  do  for  their  method,  that  they  capture 
only  the  marketable  fish,  as  the  meshes  used  are  too  large 
for  all  but  the  fish  of  marketable  size  to  pass  through  them  ; 
but  these  nets  with  their  leaders  being  stationary  and 
almost  all  the  time  in  the  water,  prevent  very  many  fish 
from  ascending  the  bay  and  streams,  and  very  many  market- 
able fish  which  are  not  taken  are  thereby  turned  back  and 
prevented  from  reaching  proper  localities  in  which  to  re- 
produce. 

It  has  been  found,  in  those  rivers  from  which  the  fish 
have  been  debarred  from  ascending  and  reaching  proper 
spawning  grounds,  that  in  a  very  few  years  they  have 
entirely  disappeared,  even  from  the  mouths  of  the  rivers,  so 
that  the  final  disappearance  of  fish  from  a  river  is  not  only 
dependent  upon  the  destruction  of  those  captured,  but  also 
upon  the  failure  of  those  escaping  to  reach  their  accustomed 
spawning  beds. 

As  much  can  be  said  of  the  advantages  and  disadvantages 
of  each  of  these  methods  of  capture,  it  would  appear  most 
practicable  and  the  wisest  policy  to  permit  the  use  of  each 
kind  of  net,  but  under  proper  restrictions. 

A  periodical  close  time  during  the  run  of  fish,  and  a  total 
cessation  of  their  capture  at  certain  times,  so  as  to  leave  them 
entirely  undisturbed  on  their  spawning  beds,  are  necessary 
measures  to  arrest  the  alarming  decrease  in  our  fish  yield. 
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The  greatest  injury,  however,  which  is  done  to  our  waters 
of  the  Chesapeake  bay  and  tributaries,  without  any  compen* 
sation  whatsoever  to  our  citizens,  is  the  capture  of  fish 
throughout  the  year  by  means  of  haul  seines  and  purse  nets, 
operated  by  parties  who  come  into  the  bay  with  vessels  well 
supplied  with  ice,  capture  the  fish  and  take  them  to  other 
markets. 

Immense  numbers  of  fish  arc  taken  by  this  class,  citizens 
pf  other  States,  every  year,  and  carried  to  Philadelphia  and 
New  York,  and  there  is  not  the  remotest,  even  tempo* 
rary,  benefit  that  the  State  derives  from  the  depletion 
of  her  waters,  as  the  fish  are  taken  by  non-residents  Avho 
seldom  have  any  communication  with  the  shore,  except, 
perhaps,  to  land  their  nets  in  defiance  of  the  wishes  of  the 
proprietors  of  the  land. 

CONCLUSION. 

In  conclusion,  1  would  repeat,  as  the  result  of  the  more 
close  observation  of  the  past  two  years,  the  causes  to  which 
I  attribute  the  decrease  in  the  fish  yield  of  our  waters,  and 
the  remedies  suggested  therefor,  namely — 
"Ist.  Excessive  fishing. 

2d.  The  cutting  oif  of  the  migratory  fishes  from  their 
spawning  beds. 

3d.  The  disturbing  of  the  breeding  fish  on  their  spawn- 
ing beds. 

4th.  The  destruction  of  spawn,  by  washings  from  culti- 
vated fields,  and  natural  enemies. 

5th.  The  destruction  of  young  fish,  by  improper  means 
and  modes  of  capture. 

The  remedies  are — 

1st.  Artificial  propagation  to  supply  the  excessive  drain 
caused  by  increased  population,  and  improved  means  of  cap- 
ture. 

2d.  By  prohibiting  all  fishing  with  nets,  seines  or  fixed 
apparatus  for  thirty-six  hours  in  each  week,  during  the 
migrations   of  anadromus  fishes,  so  as  tp  give  a  sufiicient 


40 


number  of  Ijreeding  fitih.  an  opportunity  of  reaching  their 
spawning  grounds,  (this  is  universally  believed  to  be  the 
most  important  step  towards  the  preservation  of  our  best 
food  fishes.) 

3d.  By  protecting  the  fish  on  their  spawning  beds  ;  that 
iSj  by  prohibiting  their  capture  as  their-  spawning  seasons 
approach,  (the  habits  of  each  species  must  determine  the 
period  in  which  it  should  be  protected.) 

4th.  By  the  apparatus  of  fish  culture  to  protect  the  eggs 
and  young  fish  from  the  causes  of  loss. 

5th.  By  regulating  the  size  of  the  meslies  of  nets  and 
seines,  and  by  prohibiting  the  erection  or  use  of  "  fish- 
traps  "  or  '■'fish -baskets,"  (we  cannot  too  strongly  urge  the 
entire  abolition  of  ''fish-traps.") 

We  would  recommend  that  a  small  tax  be  levied  on  seines, 
nets  and  fixed  apparatus  used  to  capture  fish,  and  that  the 
tax  be  in  proportion  to  their  capacity  of  destroying  fish. 

We  would  also  recommend,  in  order  t<)  better  regulate 
the  fishing,  that  all  nets,  seines  and  fixed  apparatuses,  be 
licensed,  and  that  "Fish  W^ardens "  be  provided,  whose 
duties  will  be  to  see  the  laws  enforced  in  the  river  districts, 
and  that  provisions  be  made  to  ensure  the  observance  of  the 
laws  in  the  bay  and  navigable  rivers." 

We  beg  to  express  the  thanks  of  the  Commission  to  Mr. 
J.  Alexander  Shriver,  Vice-President  of  the  New  York  and 
Baltimore  Transportation  Line^  for  4  Eoot's  steam  engines, 
which  will  be  used  for  rotating  the  shaft  of  the  Shad-hatch- 
ing apparatus  described  on  page  25. 

The  work  of  the  Commission  has  been  much  facilitated  by 
the  continued  co-operation  of  the  several  lines  of  transporta- 
tion in  the  State,  and  I  beg  again  to  acknowledge  our  obli- 
gations to  the  several  presidents  and  agents  of  these  routes, 
who  liave  been  specially  enumerated  in  my  previous  reports, 
as  they  have  continued  their  assistance  in  the  transportation 
of  live  fish,  iScc. 

Respectfully  submitted, 

T.  B.  Ferguson,  Commissioner. 
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Hatching,  Development  and  Variation  of  the 

RARITAN    RIVER    SMELT,    (Osmerus    eperlanus). 


II.    J.    RICE,    B.   Sc.    Cornell, 

(Fellow  in  ^ai.  ilist.,  Johns  ^opkins  ^niv. 


(BaUir.wrc,  (December  ist,  iSyj. 
Mr.  T.  B.  Fergusox, 

Commissioner  of  Fislierics  State  of  Maryland. 

Sir: — Having  been  desired  by  you  last  March  to  take 
charge  of,  and  report  upon  the  methods  of  hatching  the 
spawn  of  the  Smelt  of  the  Raritan  river,  N.  J.,  upon  which 
you  were  about  to  begin  operations,  and  which  was  a  new 
field  of  labor  for  the  Commission,  I  hereby  have  the  honor 
to  report  to  you  such  observations  as  I  was  able  to  make 
while  engaged  in  cmbryological  work  at  the  headquarters  of 
the  Commission. 

The  field  of  operations  was  at  the  city  of  New  Brunswick, 
situated  about  8  miles  from  the  mouth  of  the  Raritan  river, 
where  it  empties  into  the  Raritan  bay.  The  Smelt  come  up  the 
Raritan  riv^r  from  the  bavin  great  schools  during  the  winter 
and  spring  months,  for  the  purpose  of  depositing  their  spawn; 
and  during  this  time  they  are  often  caught  in  immense  quan- 
tities. About  five  miles  above  the  city  of  New  Brunswick 
there  is  a  dam  wiiich  blocks  the  river,  and  which  the  Smelt 
cannot  surmount.  They  become,  thus  as  it  were,  shut  into  a 
bag,  with  the  blind  end  near  the  city.     The  fishing  grounds, 
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however,  may  be  said  to  extend  from  the  old  wooden  city 
bridge — whic'.i  connects  the  city  with  the  country  lying 
N.  E.  of  the  river — down  the  river  for  two  or  more  miles  ; 
very  little,  if  any  fishing  being  done  above  the  bridge,  on 
account  partially  of  the  little  depth  of  water,  partially  because 
the  Smelt  appear  to  pass  down  the  river  again,  after  being 
impeded  in  their  onward  course  by  the  dam  The  Smelt  are 
caught  entirely  with  seines,  which  include  in  their  sweep, 
nearly  the  entire  breadth  of  the  river,  averaging  about  30 
rods. 

The  seines  vary  from  30  to  60  fathoms  in  length,  180  to  360 
feet,  and  are  about  15  feet  in  breadth,  with  meshes  one-half 
inch  square.  The  time  of  vrorking  the  seines  depends  much 
upon  the  state  of  the  weather  and  the  water,  but  as  a  rule, 
the  fishermen  were  engaged  early  in  the  morning  and  again 
in  the  afternoon. 

The  catch  of  Smelt  from  the  llaritan  was  very  small  the 
past  season — 18T7 — the  fish  seeming  to  decrease  in  numbers 
every  year.  This  is  not  to  be  wondered  at,  considering  the 
rapacity  of  the  seiners,  and  their  little  sympathy,  with  some 
rare  exceptions,  with  all  efibrts  at  increasing  the  supply  by 
means  of  artificial  propagation.  The  small  and  rather  irreg- 
ular catch  of  Smelt  impeded,  to  a  great  extent,  the  work  of 
the  Commission,  since  at  many  hauls  there  were  so  few  fish, 
that  if  ripe  spawn  was  obtained,  it  was  impossible  to  get 
ripe  males  to  fertilize  the  spawn,  and  vice-versa. 

And  many  hauls  were  entirely  fruitless,  so  far  as  ripe  fish 
were  concerned. 

The  Commission  began  its  work  upon  the  liaritan  on  the 
3d  day  of  March,  by  taking  possession  of  a  srr.all  room  in 
the  N.  E.  end  of  the  bridge-keeper's  house,  at  the  bridge 
entrance  upon  the  S.  W.  bank  of  the  Raritan,  and  separated 
from  the  river  merely  by  the  Earitan  and  Delaware  canal. 

In  this  room  the  apparatus  was  erected. 
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This   consisted    of   six    Ferguson    hatching-jars, 
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attached  by  rubber  tubes  and  stop-cocks  to  a  central  tuli 
or  reservoir,  which  was  supplied  with  water  from  the  city 
hydrant.  This  reservoir  liad  a  waste-pipe  passing  down  its 
centre^  so  that  the  flow  of  Avater  upon  the  jars  could  be  regu- 
lated as  completely  as  could  be  desired.  The  remaining 
apparatus  consisted  of  trays,  pans,  pails,  dippers,  &c.  for 
the  purpose  of  manipulatiug  the  spawn.  The  methods  em- 
ployed by  the  Commission  for  the  propagation  of  the  young 
Smelt,  were  crude  and  imperfect,  to  the  extent  that  they 
were  trial  methods,  and  that  the  accommodations  were  not 
such  as  were  desired,  but  such  only  as  could  be  obtained 
upon  the  spur  of  the  moment,  just  when  it  was  necessary  to 
handle  and  care  for  the  spawn. 

The  Commission  had  a  somewhat  difficult  work  before  it, 
which  was  the  handling,  not  only  of  a  species  of  spawn  which 
had  never  been  successfully  handled  before,  but  of  a  species 
of  adhesive  spawn,  and  at  the  same  time,  if  possible,  to  bring 
out  a  profitable  result  in  the  number  of  young  fish  hatched. 
Such  work  must  always  be  more  or  less  experimental  ;  if  the 
experiments  happen  to  be  all  right,  the  result  will  be  very 
favorable  in  a  fine  lot  of  young  fish  ;  but  if  the  experiments 
are  not  all  right,  the  result  may  be  the  entire  loss  of  spawn, 
time,  patience  and  money,  and  the  latter  is  a  very  imjioriant 
item  in  conducting  experiments  in  fish-culture. 
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Adhesive  eggs  had  been  treated,  and  successfully,  before,^ 
but  it  was  a  question  whether  the  methods  adopted  in  the 
case  of  such  spawn  as  that  of  the  Carp,  Perch  and  Herring, 
would  be  suitable  for  spawn  of  an  anadromous  species  of  the 
Salmonidce  family,  or  whether  such  spawn  should  he  treated 
simply  as  the  non-adhesive  type. 

The  only  experience  in  treating  Smelt  spawn  up  to  the 
time  of  the  work  of  the  Commission,  was  obtained  by  Mr. 
Charles  G.  Atkins,  of  Bucksport,  Jle.  with  the  spawn  of 
the  Land-Locked^  variety.  At  least  this  is  the  only  expe- 
rience cognizant  to  the  Commission.  This  experience  was 
not  very  favorable  to  the  handling  of  this  species  of  adhesive 
spawn,  and,  if  I  mistake  not,  3Ir.  Atkins'  conclusions  were 
that  it  would  not  pay  to  handle  it. 

A  certain  amount  of  the  spawn  which  he  had,  hatched  out. 
but  only  such  portion  as  had  the  benefit  of,  and  was  exposed 
to,  the  full  force  of  a  rush  of  water  ;  in  fact,  that  spawn  only 
hatched  which  remained  attached  to  grass,  twigs,  or  other  arti- 
cles situated  directly  in  a  race-way,  where  the  water  rushed 
along  very  furiously.  The  spawn  seemed  to  require,  at  least 
for  its  artificial  culture,  a  constant  and  furious  change  of 
water,  differing,  undoubtedly,  in  this  respect,  very  widely 
from  its  requirements  when  deposited  by  the  fish  upon  its 
natural  spawning  grounds.  The  fish  the  Commission  had  to 
deal  with  were,  on  the  contrary,  anadromous,  and  we  had  no 
rush  of  water  in  which  to  deposit  the  spawn.  It  was  also  a 
question  whether  the  Raritan  Smelt  spawn  required  this 
rushing  change  of  water;  so  the  aj)paratus  already  de- 
scribed was  employed  as  experimental  upon  the  subject. 
The  spawn  was  carried  from  the  fishing  grounds  to  the 
hatching-house  in  tin  dishes.  Sometimes,  but  rarely,  the 
fish  were  taken  to  the  hatching-room,  and  there  spawned, 

^See  page  567  U.  S.  Fish  Commissioner's  report,  1872-73.  Method  of 
treating  adhesive  eggs,  &c.  by  Rudolph  Hessel. 

2 More  properly  fresh-water  Smelt.  They  are  sea  Smelt  which  have  been 
transferred  to  interior  ponds  and  lakes,  and  becoming  acclimated  there,  have 
ceased  to  return  to  tlie  sea  after  they  have  deposited  their  spawn. 


and  the  eggs  impregnated.  In  tlie  experiments  of  Mr. 
Atkins,  he  found  that  leaves  of  river  grass  formed  the  best 
attachment  for  the  spawn,  and  that  spawn  attached  to  this 
grass,  and  allowed  to  move  freely  about  in  the  rush  of  water 
already  mentioned,  hatched  out  comparatively  well,  whereas 
spawn  treated  in  any  other  method,  died.  The  grass,  of 
course,  was  attached  by  one  end,  the  other  being  free  to 
move  and  sv>'ay  in  the  current.  The  Commission  tried 
various  things  upon  which  the  spawn  was  deposited.  Bits 
of  grass  ;  bits  of  untwisted  rope  warp  ;  bits  of  gauze  hanging 
free  in  the  jars  ;  loose  masses  of  moss  ;  and  light  small-meshed 
gauze,  with  which  the  ordinary  spawn  trays  were  covered. 
Many  of  the  eggs,  upon  being  placed  in  the  water  of  the 
jars,  and  before  becoming  completely  attached  by  the 
hardening  mucous  stalk,  described,  p.  58,  would  become 
swept  from  the  trays  or  other  objects,  and  fall  to  the 
bottom  of  the  jars,  where  they,  in  some  of  the  jars,  formed 
quite  large  masses.  These  latter  masses,  being  directly  in 
the  way  of  the  current  of  Avater  entering  the  jar,  of  course 
received  a  much  more  violent  and  fresher  flow  of  water  than 
the  rest  of  the  spawn.  They  were  thus  placed  in  very  much 
the  same  condition  as  the  spawn  which  did  the  best  with 
Mr.  Atkins,  except  that  they  were  massed  together,  and 
also,  excepting,  of  course,  that  the  flow  in  the  jars  was  never 
violent. 

Mr.  Win.  Hauiliu  did  most  of  the  practical  work  for  the 
Commission,  such  as  manipulating  the  fish  and  caring  for 
the  eggs  in  the  jars,  &c.  The  method  of  gathering  and 
impregnating  the  spawn  was  as  follows  : 

Three  or  four  tin  pans,  with  two  or  more  gauze  or  twig 
covered  trays  in  each,  a  tin-pail  and  a  dipper  were  carried  to 
the  fishing  grounds.  As  soon  as  a  haul  of  tlie  seine  had 
been  made,  and  the  fish  were  all  gathered  together  in  small 
compass  close  to  the  shore,  or  upon  it,  they  were  immediately 
overhauled,  and  the  ripe  males  and  females  laid  to  one  side. 
The  rest  of  the  fish  were  gathered  up  by  the  fishermen,  and 
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carried  oflf  to  be  sold  at  so  much  per  bucket.  The  ripe 
females  were  then  taken  and  held  by  the  head,  while  the 
belly  was  gently  pressed  and  stroked  toward  the  anus,  so  as 
to  force  out  the  ripe  spawn.  The  spawn  was  caught  in  a 
pan  containing  quite  a  little  water,  and  when  a  sufficient 
quantity  had  been  taken,  that  is,  when  the  bottom  of  the 
dish  was  half  or  two-thirds  covered,  the  ripe  males  were 
taken,  pressed  in  the  same  manner,  an;!  the  milt  allovred  to 
flow  upon  the  spawn  in  the  dish. 

As  the  males  were,  as  a  rule,  considera,bly  smaller  thau 
the  females,  it  required  very  often  two,  three  or  even  four 
males  to  furnish  milt  to  impregnate  the  spawn  from  a  single 
female.  Sometimes,  but  rarely,  the  milt  from  one  male 
would  be  sufficient  to  impregnate  the  spawn  from  one  or 
even  more  females. 

Water  was  then  added  to  the  milted  spawn,  and  the  con- 
tents were  stirred  slowly  and  intimately  until  thoroughly 
mixed.  This  stirring  was  either  done  by  swaying  and  tipping 
the  dish  back  and  forth,  or  by  stirring  the  spawn  with  a  feather. 
After  being  thoroughly  mixed,  the  spawn  was  carefully  poured 
upon  the  trays  ready  to  receive  it.  Sometimes  the  spawn 
was  taken  directly  upon  the  prepared  trays,  the  trays  being 
placed  in  water  so  that  the  gauze  or  twig  covering  would  be 
barely  wet,  or  barely  covered  with  water.  The  milt  was 
then  received  upon  the  spawn^  more  water  added  to  the  dish 
and  the  trays  moved  about  gently  from  side  to  side,  until  the 
spawn  and  milt  were  thoroughly  mixed.  The  trays  were 
then  carried  to  the  hatching-jars,  and  deposited  therein. 
"With  both  of  these  methods  of  receiving  the  spawn,  there 
resulted  many  dead  eggs,  and  perhaps  as  many  by  one 
method  as  the  other. 

Kipe  males  were  very  scarce  at  the  time  when  the  most 
and  ripest  females  were  procured,  and  it  is  barely  possible 
that  the  percentage  of  dead  eggs  was  owing  more  to  the  lack 
of  milt  than  to  the  method  of  handling.  Shad  eggs,  which 
are  in  other  respects  much  more  delicate  than  Smelt  eggs, 
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will  bear  much  more  handling  than  the  Smelt  eggs  received 
at  the  hands  of  Mr.  Hamlin  }>y  either  method  used.  It  was 
undoubtedly  not  the  roughness  of  handling  which  occasioned 
loss.  Another  method  of  taking  spawn  was  adopted.  A 
number  of  large,  unripe  male  and  female  Smelts  were  taken 
from  tlie  seines,  carried  to  the  liatching  house,  and  kept  in 
the  supply  reservoir  until  they  became  ripe.  The  spawn 
was  then  taken,  impregnated,  and  placed  in  the  jars  along 
with  the  rest.  On  account  of  the  lack  of  room,  no  record 
could  be  kept  of  the  relative  percentage  of  loss  between  eggs 
thus  taken  and  eggs  taken  from  the  fish  freshly  caught.  By 
examining  the  temperature  and  fish  record  upon  another  page, 
it  will  be  seen  that  spawn  was  taken  and  placed  in  the  hatch- 
ing-jars upon  15  different  days,  extending  over  a  little  less 
than  one  month,  or  more  correctly,  from  March  3d  until 
April  2d.  The  whole  number  of  ripe  fish  taken  for  the  pur- 
poses of  procuring  spawn  and  milt  being  87  males  and  69 
females.  This  irregular  catch  v/as  due  in  great  part  to  the 
almost  constant  recurrence  of  freshets,  and  consequently, 
risings  and  flooding.s  of  the  river.  On  account  of  one  of 
these  freshets,  a  very  severe  one,  produced  by  a  long  and 
steady  rain-storm,  only  one  catch  was  made  from  Friday, 
March  16th  until  Friday,  March  23d,  a  space  of  one  week. 
The  ripe  fish  taken  up  to  the  time  of  this  freshet  were  largely 
males.  They  were  fairly  ripe,  and  produced  much  more 
milt  than  those  taken  subsequently.  The  females,  on  the 
contrary,  were  barely  ripe,  and  only  a  small  quantity  of 
spawn  suitable  for  the  purposes  of  the  Commission,  could  be 
obtained  from  each.  After  the  freshet,  the  females  began  to 
increase  in  number,  Friday,  the  23d  of  I^Iarch,  the  largest 
catch  of  the  season  being  made,  and  they  were  riper  than 
those  previously  taken.  From  this  time  on,  the  females 
were  taken  in  fine  condition  until  the  close  of  fishing.  But 
the  males  were  now  so  few  in  number,  and  the  milt  was  so 
bad,  that  it  was  with  extreme  difficulty  that  the  spawn  could 
at  times  bi^  satisfactorily  impregnated,      tt  is  quite  difficult 
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to  arrive  at  an  accurate  estimate  of  the  number  of  eggs  taken 
from  the  69  ripe  females  and  deposited  in  the  jars,  but  it 
was  very  roughly  estimated  at  two  millions.  This  was  the 
estimate  of  Mr.  Hamlin  and  myself,  while  at  work  with 
them  at  the  hatching  house..  The  estimate  is  larger  in  hulk 
than  that  attached  to  the  record  referred  to,  for  the  reason 
that  we  wished  to  give  the  record  as  much  accuracy  as  possi- 
ble, and  to  certainly  have  the  record  within  the  actual  num- 
ber. Our  method  of  counting  was  this  :  I  took  an  average 
feized  female  Smelt,  removed  the  ovaries  from  her  entire,  took 
a  small  portion  of  the  mass,  weighed  it,  and  then  counted 
the  number  of  eggs  in  this  small  portion. 

I  then  weighed  the  entire  remaining  mass  of  spawu,  and 
from  this  estimate  arrived  at  the  conclusion  that  there  should 
l>e  about  lifty  thousand  (50,000,)  eggs  in  a  medium  sized 
Smelt.  By  a  medium  sized  Smelt  I  mean  one  of  the  size 
represented  in  Fig.  S,  PL  V.  But  of  course  many  fish  will 
not  yield  tliis  number  of  eggs,  and  many  will  yield  more. 

Allowing  forty  thousand  eggs  to  each  female  Smelt  taken^ 
we  would  have  from  the  69  females,  a  grand  total  of  two 
million  seven  hundred  and  sixty  thousand  eggs  (2,760,000). 

But  as  many  of  the  females  were  small,  and  as  others  did 
not  yield  a  fall  amount  of  ripe  spawn,  if  we  estimate  that 
they  averaged  just  one-half  that  amount,  or  twenty  thousand 
eggs  (20,000,)  per  female,  we  shall  have  very  nearly  the  sum 
total  given  in  the  record. 

From  the  time  the  Commission  began  its  work  until  the 
freshet,  the  temperature  and  weather  had  been  fair.  The 
thermometer  had  indicated  a  rise  in  the  temperature  of  the 
air  of  about  ten  degrees,  (10°,)  and  in  the  hydrant  water  which 
supplied  the  hatching-jars,  of  two  degrees  (2°);  the  temper- 
ature of  the  river  had  risen,  during  the  same  time,  six  or  seven 
degrees  (6°  or  7°.)  Up  to  this  time  the  eggs  had  not  progress- 
ed very  favorably  ;  many  had  died,  and  the  rest  were  in  such  a 
condition  that  it  was  impossible  to  state  as  to  whether  th-ey 
would  survive  or  not.     With  the  freshet  already  mentioned, 
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came  a  cold  spell.  The  air  thermometer  indicated  a  decrease 
of,  at  its  utmost,  eighteen  degrees  (18°);  the  temperature  of 
the  river  sank  at  same  time  about  !12°;  and  the  hydrant 
water  received  a  sudden  cold  to  the  extent  of  about  three 
degrees.  Up  to  the  end  of  this  cold  period,  there  was  barely 
a  sign  of  development  in  those  eggs  which  were  not  certainly 
dead,  and  it  was  questionable  what  the  result  would  be  with 
tlie  eggs  which  appeared  to  be  living.  But  with  the  storm 
and  freshet,  the  cold  weather  appeared  to  pass  away.  The 
temperature  of  the  hydrant  water  rose  steadily,  and  in  a 
week's  time  had  risen  four  or  five  degrees  ;  and  of  course 
the  rise  in  the  air  and  Avev  was  much  greater.  With  this 
rise  in  temperature  a  change  in  the  eggs  became  visible  ;  the 
development  could  be  made  out,  and  it  was  very  soon  evident 
that  many  of  them  at  least  Avere  alive,  and  seemed  in  a  fair 
way  of  producing  each  its  young  smelt.  About  the  2Gth  or 
27th  of  March  I  took  some  eggs  which  had  been  spawned  on 
the  3d  and  5th  of  the  same  month,  and  which  showed  some 
signs  of  development — in  fact  the  embryo  could  be  made  out 
as  a  mere  bar,  very  nearly  alike  at  both  ends,  coiled  around 
the  yolk — and  brought  them  into  the  room  where  I  was  at 
work  with  the  microscope,  and  where  the  temperature  was 
about  70°.  I  let  tliem  remain  in  the  water  in  which  they 
were  brought  in,  and  only  changed  it  by  adding  fresh  water 
as  the  otlier  evaporated.  The  water  which  was  added  was 
such  as  had  been  in  the  room  for  some  time,  so  that  it  was  of 
considerable  higher  temperature  than  that  of  the  hydrant. 
The  eggs  thus  placed  in  comparatively  stale  and  warm  water, 
rapidly  developed,  and  on  the  3d  of  April  a  few  of  the  young 
fish  hatched  out,  or  just  one  month  from  the  time  the  spawn 
was  taken.  In  the  case  of  these  young  fisli  we  ought  to  deduct 
at  least  two  weeks,  since  there  was  hardly  any  development 
of  the  embryo  until  the  temperature  of  the  hydrant  water 
rose  to  near  40°.  I  think  it  can  be  said,  with  a  considerable 
degree  of  certainty,  that  after  impregnation,  a  certain,  but 
very  small  degree  of  differentiation  will  take  place  when  the 
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water  is  near  the  temperature  of  37°  or  38°^  Farenheit  ;  if 
this  temperature  becomes  lowered  the  development  will  be 
retarded  or  checked  entirely,  and  the  vital  processes  held  in 
abeyance  until  the  temperature  again  rises  to  above  38°. 

If  the  temperature  of  the  Avater  is  raised  much  above  38°, 
as  in  the  case  already  mentioned,  the  eggs  are  merely  forced 
forward,  as  vegetables  and  plants  are  forced  in  a  hot  house, 
and  we  tind  the  young  fisli  developing  very  rapidly.  The 
coldness  of  the  water,  and  the  subsequent  cold  snap  lowering 
still  more  the  temperature  of  the  water,  was  undoubtedly  the 
cause  of  the  exceedingly  slov/  difierentiatioii  which  took 
place  in  the  eggs  up  to  the  20th  of  March.  It  has  been 
known  for  a  long  time  that  snail  eggs  could  be  impregnated, 
development  started,  and  then,  by  means  of  cold,  be  kept  in 
a  quiescent  state  for  even  a  vcar  or  more,  and  afterwards,  by 
allowing  Avarmth  to  come  to  them,  they  could  be  developed 
into  tlie  perfect  snail.  That  to  a  certain  extent  the  retard- 
ing of  the  development  can  be  made  available  with  fish 
spawn,  is  undoubtedty  the  experience  of  every  piscicul- 
turist, but  just  to  what  limits  it  is  best  to  retard  or  force 
the  grov\-th  of  the  young  embryo,  is  a  question  worthy 
of  more  study  than  it  has  yet  received.^  If  the  temperature 
is  too  low  they  will  be  tv)0  long  developing  ;  if  too  high 
they  u-ill  be  apt  to  be  too  delicate  to  survive  in  any  water 
into  which  they  may  be  transplanted.  From  the  20th  of 
March  on,  tiie  hydrant  Avater  rose  steadily  in  temperature 
until  the  young  fish  Avere  all  hatched  and.  transported  to 
their  final  homes  in  the  Avaters  of  jlai-ylaud.  This  rise  of 
temperature  Avas  from  37°  up  to  50°,  or  a  difierence  of  13°. 
The  experience  of  this  year's  Avork  Avith  the  smelt  Avould 
seem  to  indicate  that  the  spawn  thrives  best  in  Avatcr  of  a 
temperature  from  40°  upwai'd,  or  perhaps  I  might  say,  in 
Avater  of  an  average  temperature  of  44°. 

8pawn    taken   and    placed  in  water  of  ihis    temperature 
Avould  undoubtedly   hatch  out  in  from  three  to  four  Aveeks, 


iSee  an  address  upon  the  artificial  breeding  of  fisbes,  read  before  the 
Detroit  Scientific  Association  by  Jilr.  N.  W.  Clarli,  page  9,  et  seq. 
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and  any  work  with  spawn  in  water  of  a  lower  temperature 
would  be  in  greater  part  lost  time.  r)etwcen  the  two  ex- 
tremes I  think  it  would  he  much  preferable,  and  more  profit- 
able to  wait  until  the  Avater  is  even  50°,  before  beginning 
operations,  than  to  subject  the  eggs  and  the  operators  to  the 
benumbing  effects  of  3S°,  and  lower,  of  cold,  for  it  is  very 
possible  that  some  of  the  eggs  at  least  may  be  injured  by  this 
excess  of  cold.  In  case  however  the  weather  should  be  very 
cold  again  at  the  time  of  the  work  of  the  Commission,  it 
might  be  a  wise  plan  to  take  some  of  the  spawn,  dryly  and 
carefully  impregnated,  particularly  if  it  is  very  plenty  at 
such  time,  pack  it  in  ice,  and  keep  it  until  the  temperature 
moderates  to  about  an  average  of  44°,  and  then  place  it  in 
the  hatching  jars,  and  watch  it  vei-y  carefully,  recording  the 
result.  I  have  already  said  tb.at  a  great  many  of  the  eggs 
tlied.  The  greater  portion  of  these  dead  eggs  were  upon  the 
bits  of  grass,  rope,  moss  and  twigs,  already  mentioned,  and 
the  greater  })ortion  of  fish  came  from  those  eggs  which  were 
taken  on  the  trays,  covered  with  gauze,  and  those  eggs  which 
were  massed  together  in  the  bottom  of  the  jars,  in  the 
strength  of  whatever  current  there  was.  The  live  hsh  which 
were  hatched  from  the  million  and  a  half,  or  more,  of  eggs, 
were  estimated  at  about  four  hundred  thousand,  (400, OOU), 
the  remaining  eggs  being  classified  as  '"'absent  or  unac- 
counted for."  The  work  of  the  Commission  may,  witli  this 
result,  be  said  to  have  been  very  successful,  considering 
everything.  I  have  said  that  the  greater  portion  of  these 
dead  eggs  were  upon  the  moss,  twigs,  ropes,  &c.  and  we 
might  be  led  to  judge  that  tliese  objects  were  not  as  fitted 
for  supports  to  the  smelt  spawn  as  the  gauze,  or  the  bottom 
of  the  jars.  Bat  it  may  be  that  these  articles  are  not  so 
very  much  to  blame  a^'ter  all  ;  perhaps  they  are  only  fitter 
than  the  gauze  to  retain  and  encourage  the  growth  of  a 
species  of  fungus  which  was  found  in  very  great  abundance 
in  all  the  jars,  sometimes  covering  the  eggs  upon  tlie  trays 
to  a  depth  of  an  eighth  of  an  inch  or  more. 
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This  fungus,  tlius  covering  tlic  eggs,  must  liave  a  Very 
deleterious  effect  uj)on  them,  and  I  do  not  think  it  would  be 
very  wrong  to  ascribe  to  it  the  death  of  a  goodly  portion  of 
the  eggs. 

In  considering  the  practical  bearings  of  the  work  of  the 
Commission  during  the  past  season,  it  may  be  useful  to 
note  a  few  points  to  which  it  will  be  well  to  pay  particular 
attention,  and  record  carefully  the  results  during  another 
year's  work. 

In  handling  eggs  of  any  kind,  the  dry  method^  of  impreg- 
nation should  be  adopted  upon  all  occasions;  that  is,  the  eggs 
and  milt  should  be  placed  together  hefore  any  loafer  loliat- 
ever  is  added ;  a  little  water  should  then  be  added  to  the 
mass,  and  the  whole  shaken  together  quickly,  yet  completely, 
until  the  eggs  and  milt  a,re  thoroughly  mixed  ;  then  more 
water  should  be  added,  a  second  shaking  given,  and  after 
standing  ten  or  fifteen  minutes,  the  water,  or  the  greater 
portion  of  it,  poured  off,  and  fresh  added. 

The  eggs  are  now  to  remain  quiet  until  transported  to  the 
hatching  jars,  and  placed  therein.  I  am  convinced  that  this 
is  the  only  practical  method  with  adhesive  spawn,  and  pai-- 
ticularly  with  Smelt  spawn,  and  I  think  the  best  results  will 
follow,  if  the  trays,  covered  with  fine  gauze,  are  used,  upon 
which  to  receive  the  spawn  and  milt  fresh  from  the  fish. 
The  meshes  of  the  gauze  covering  should  be  just  a  little 
smaller  than  the  diameter  of  the  eggs,  so  that  they  will  not 
pass  through  before  they  have  had  time  to  become  attached. 
The  gauze  should  be  just  dampened,  the  trays  placed  in  a 
pan,  without  water,  and  the  spawn  shed  upon  them,  the 
milt  then  being  shed  upon  the  spawn. 

Water  is  then  to  be  added,  just  sufficient  to  cover  the 
trays,  the  whole  shaken  gently  from  side  to  side,  so  that  the 
whole  mass  may  be  thoroughly  mixed,  but  not  so  much  that 
any  of  the  spawn  will  be  shaken  from  the  trays,  the  spawn  left 

iVrasski's  method,  as  modified  by  Mr.  C.  G.  xitkius,  in  his  work  upon 
the  Salmon  spawn.  See  United  Slates  Fish  Commissioner's  Report  1873-7y, 
page  240. 
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to  stand  for  ten  or  fifteen  minutes,  and  then  shaken  again, 
when  the  water  may  be  changed,  by  lifting  the  trays  out  of 
the  pan,  and  fresh  water  added  ;  the  trays  may  then  be  trans- 
ferred, covered  by  water  in  the  pans,  to  the  hatching  jars. ^  in 
the  hatching  house.  In  a  very  short  time  the  mucous  cover- 
ing the  egg  will  harden,  and  adhere  to  the  gauze  upon  which 
it  rests,  and  the  egg  will  thus  be  attached  firmly  to  its  sup- 
port. This  method  gives  the  least  handling  to  the  spawn, 
and  accordingly  the  least  chance  for  injury  to  the  same.  I 
have  already  intimated  that  perhaps  a  goodly  portion  of  dead 
eggs  were  caused  by  there  not  being  sufficient  milt  to  im- 
pregnate all  the  eggs  in  any  one  dish. 

Generally  a  considerable  quantity  of  milt  is  considered 
necessary,  because  very  little  time  is  given  to  the  manipula- 
tion of  the  spawn;  and  certainly  the  greater  the  amount  of 
milt,  the  less  the  time  necessary  in  manipulating.  But  with 
a  very  little  milt  a  large  number  of  eggs  may  be  impreg- 
nated, if  sufficient  time  is  given,  and  the  whole  is  well 
manipulated.  The  spawn  and  milt  must  also  be  fresh  from 
the  fish,  and  brought  together  immediatehj ,  upon  water  being 
added  to  either^  since  water  soon  acts  upon  the  spawn,  so  as 
to  prevent  any  effect  upon  it  by  the  milt,  unless  the  milt  is 
added  very  soon.  The  method  mentioned  seems  to  combine 
all  these  requisites,  and  in  the  case  of  the  spawn  already 
mentioned,  had  the  nianipulation  been  more  prolonged  when 
milt  was  scarce,  perhaps  fewer  eggs  might  have  died.  And 
I  have  no  doubt  at  present  time,  that  if,  besides  additional 
manipulation,  the  spawn  and  milt  had  been  placed  together 
dry,  before  any  water  at  all  had  been  added,  a  still  larger 
proportion  of  live  eggs  would  have  been  the  result. 

To  obviate  any  such  chance  of  lack  of  milt,  although  the 
stirring  and  shaking  of  the  eggs  should  in  all  case  be  con- 

lit  ■will  be  uoticed  that  I  alwaj's  speak  of  the  hatclilng  jars,  meaniug 
thereby  the  Ferguson  hatching  jar.  This  apparatus  is  so  simple,  and  so  exactly 
adapted  for  the  purposes  of  hatching  tggs,  or  spawn  of  any  description,  that 
after  trial  I  think  no  one  will  care  to  use  uuy  other  description  of  hatchiag 
apparatus. 
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tinued  for  ten  or  fifteen  minutes,  the  plan  of  keeping  unripe 
fisli  in  a  reservoir  until  ripe^  and  then  spawning  them, 
should  be  adopted  more  extensively  than  this  season. 

They  should  he  kept  in  a  reservoir   separate  from  that 
which  supplies  the  hatching  jars  with  water,  since  the  fish 
are  apt  to  be  drawn  against  the  openings  into  the  supply 
pipes  for  the  jars  and  the  water  thus  cut  off  from  the  spawn, 
and  stagnant  water  favors  fungoid  growths.     They  should 
also  be  examined  carefully  each  day,  so  that  as  soon  as  ripe 
the  spawn  and  milt  may  be  taken  from  them,  and  yet  not 
taken  from  them  until  they  are  fully  ripe.     In  this  manner 
a  large  quantity  of  spawn  should  be  obtained,  and  unless  the 
fish  are  injured  there  is  no  reason,  so  far  as  at  present  known, 
why  such  spawn  should  not  turn  out  as  well  at  that  of  Trout 
kept   in  a  similar  manner.     Spawn  taken   from   fish   thus 
kept  should  be  placed  separate   from   that  of  spawn  from 
fish  taken  fresh  from  the  river,  and  the  two  carefully  com- 
pared, after,  of  course,  the  same  manipulation,  so  as  to  see 
which  method  is  the  better  ;  records^  of  course,  being  kept 
of  each.     In  making  this  experiment  the  largest  fish  should 
be  kept  as  furnishing  so  many  more  eggs,  or  so  much  more 
milt  than  the  small  ones.     But  to  carry  out  this  experiment, 
more  room  will  be  required  than  was  at  the  service  of  the 
Commission  this  season,  and  it  would  undoubtedly  be  better 
if  accommodations  of  sufiScient  size  could   be   secured  near 
the  fishing  grounds,  so  as  to  obviate  as  much  as  possible 
the  transfer  or  carriage  of  fish  and  spawn.     The  treatment 
of  the  eggs,  after  they  are  placed  in  the  jars,  does  not  difi'er 
materially  from  that  of  other  spawn.     A  constant  flow  of 
water,  and  since  the  eggs  adhere  to  their  support^  a  much 
stronger  flow  through  the  jars,  can  be  permitted,  than  with 
other  eggs  ;  clean  jars  and  trays  :  and  the  removal  of  dead 
eggs.     The  removal  of  dead  eggs,  in  the  case  of  the  Smelt 
spawn,  is  almost  practically  impossible,  on  account  of  the 
adherence  of  the  eggs  to  each   other,  as  well  as  to  the  sup- 
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port,  and  also,  and  chiefly,  on  account  of  their  small  size. 
Fig.  5,  PI.  I. 

But  mucli  can  be  dune,  Avitli  pain.s  and  attention,  toward.s 
keeping  the  traj's  coraparatively  clear  of  dead  material,  and 
the  greater  the  care  and  attention,  the  greater  the  success 
on  gilt  to  be. 

The  onl}'-  remaining  point  necessary  to  notice  particularly 
is  in  regard  to  the  dirt  and  fungus  in  the  jars.  Of  course, 
in  all  waters  subject  to  freshets,  there  will  be  more  or  less  of 
sediment  and  floating  material,  which  does  not  add  at  all  to 
the  purity  of  tlie  water.  The  only  way  to  prevent  this 
material  from  getting  into  the  jars,  and  collecting  around 
and  upon  the  eggs,  thus  forming  an  excellent  basis  for  fun- 
goid groAvth,  is  to  have  the  water  filtered  before  it  is  allowed 
to  enter  the  reservoir  which  supplies  the  jars  If  the 
Commission  should  conduct  operations  upon  the  Earitan 
another  year,  and  should  use  the  river  water,  it  v/ould  cer- 
tainly have  to  be  filtered,  or  the  jars  would  very  quickly  be 
filled  witli  sediment.  If  the  hydrant  water  is  used,  it  also 
should  be  filtered,  although,  as  compared  with  the  river 
water,  very  iree  from  floating  material.  As  regards  fungoid 
growths,  they  appear  to  get  into  the  jars  about  as  easily 
vvhen  the  water  is  filtered  as  when  it  is  not,  the  only,  or  at 
least  the  great  difierence  being,  thatinunfiltered  water  there 
is  a  vast  arnmint  of  vile  material  which  fosters  and  encourages 
these  fungi.  The  best  method  of  disposing  of  them  is  to  give 
the  eggs,  as  soon  as  any  fungus  appears  upon  them,  a  salt 
water  bath.  Let  the  water  be  shut  off  from  the  jars,  a  table 
spoonfull  or  so  of  salt  added  to  the  water  in  each  jar,  and 
then  allowed  to  stand  for  fifteen  or  twenty  minutes,  when  the 
water  should  be  turned  on  again.  The  salt  will  effectually 
kill  all  the  fungi,  without  injuring  the  eggs,  and  the 
renewed  flow  of  water  will  carry  off  the  salt  and  the  dead 
matter  in  its  flow.  As  soon  as  the  fungus  again  collects 
upon  the  eggs,  the}^  should  be  treated  to  another  salt  bath. 

If  any  doubt  is  felt  in  regard  to  any  possible  injurious 
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effect  which  the  salt  might  hare  upon  the  Smelt  spawn,  a  trial 
could  he  very  easily  made  of  one  of  the  jars  only,  and  the 
result  noted,  i.  e.,  as  to  Avhcther  there  were  any  more  dead 
eggs  in  the  jar  after  the  salt  hath  than  hefore.  The  salt 
hath  is  very  effectual,  and  perfectly  innocuous  with  Trout 
eggs  and  aquaria,  and  there  is  no  reason  to  suppose  it  would 
be  otherwise  with  the  eggs  of  the  Smelt.  With  the  growth 
and  extension  of  fungi  in  the  jars  thus  prevented,  and  with 
that  care  in  the  manipulation  of  the  spawn  which  I  have 
suggested,  the  Commission  ought,  with  the  experience  of 
the  present  season,  to  be  able  to  ^f  ork  as  successfully  here- 
after with  Smelt  spawn  as  they  have  shown  themselves  to  be 
with  spawn  which  is  uDn-adhesive,  such  as  that  of  the  Trout 
and  Shad. 

The  work  of  the  Coaimission,  from  nececsity,  as  well  as 
inclination,  is  to  increase  the  food  supply  as  profitably  to  the 
State  as  possible,  and'  while  the  matter  of  profitable  propa- 
gation rests  to  a  great  extent  in  the  hands  of  the  Commis- 
sion, through  the  experience  which  is  gained  each  year, 
yet  other  circumstances  enter  largely  into  these  calculations, 
such^  for  instance,  as  their  ability  to  do  as  they  would  like, 
and  to  work  just  at  the  time  they  desire.  If  in  the  propa- 
gation of  the  Smelt  the  Commission  could  so  arrange  their 
time  for  work  upon  the  Raritan  as  to  be  there  when  the  tem- 
perature of  the  water  used  in  the  hatching  jars  is  from  42° 
to  44°  at  an  average,  they  would  undoubtedly  meet  with  the 
greatest  and  best  success,  especially  in  a  pecuniary  point  of 
view,  since  at  such  a  temperature  the  young  fish  could  be 
hatched  out  in  about  three  weeks. 

The  most  serious  objection  to  this  plan  is  in  the  running 
of  the  fish  themselves^  the  greater  portion  of  the  fish  passing 
into  the  river  earlier  in  the  season.  But  if  the  method  is 
adopted  of  keeping  the  males  and  females  in  confinement 
until  ripe,  even  this  objection  might  have  very  little  weight, 
and  the  spawn  might  be  handled  at  a  time  when  it  could  be 
80  done  most  expeditiously  and  profitably. 
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In  recapitulation,  I  might  say  that  the  important  points  to 
the  Commission  for  its  work  another  year  -would  be,  Ist, 
the  procuring  of  suitable  fia]).  2(1.  The  careful  manipulation 
of  the  spawn  ahsolutehj  dru,  or  the  nearest  convenient 
approach  to  it,  3;l.  The  temperature  of  the  water,  about 
44°,  and  its  freedom  from  fungi. 


EMBRYOLOGY   OF   THE   SMELT. 

The  following  notes  upon  the  embryology  of  the  Raritan 
river  Smelt  Avcre  made  in  March  and  April,  1877,  at  New 
Brunswick,  N.  J.,  while  the  Commission  was  engaged  in 
prosecuting  the  hatching  of  Smelt  spawn,  the  methods  of 
which  process  have  already  been  described.  I  do  not  in- 
tend to  treat  of  tlic  histological  development  of  the 
Smelt — or  of  its  minute  cell  structure — except  so  far  as  it 
can  be  made  out  in  the  living  specimen  ;  since  a  histological 
study,  made  from  sections  cut  from  hardened  specimens,  is 
of  value  and  interest  only  to  science  and  scientific  students, 
not  to  the  general  reader.  This  paper  will,  therefore,  serve 
merely  as  the  basis  of  what  I  trust,  at  some  future  time,  to 
make  a  histological  research,  and  hence,  must  be  taken  with 
that  allowance  for  error,  both  in  the  personal  equation  and 
the  equation  of  sight,  to  which  all  research  is  liable  when 
unauthenticated  by  collateral  or  different  methods. 

My  method  of  study  was  either  to  take  the  eggs  from  the 
hatching  jars,  one  or  more  at  a  time,  and  examine  them 
upon  a  watch-glass  in  a  few  drops  of  water,  or  to  dissect  the 
vitelline  membrane  or  shell  from  the  egg,  and  examine  the 
uncovered  embryo  in  a  droji  of  water,  or  sodic-chloridc,  Xa. 
CI.  -^r*j  upon  a  glass  slide,  under  a  low  objective  in  the  mi- 
croscope. Tn  this  manner  I  examined  egg  after  egg,  until  I 
became  satisfied  upon  any  or  all  observed  conditions,  and 
was  able  to  trace  a  pretty  clear  sequence  of  developments. 
My  investigations  were  made  with  Zeiss  oculars  2  and  4,  and 
objectives  A  and  B,  giving  a  range  of  power  from  90  to  400 
diameters. 
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In  the  case  of  the  milt,  I  used  Zeiss  ocular  4,  and  objective 
F,  giving  an  enlargement  of  950  diameters. 

The  Egg. 

The  freshly  laid  egg  varies  in  diameter  from  i  to  ^  of  an 
inch,  and  is  somewhat  irregular  in  outline,  although  gener- 
ally round  or  oval.  Fig.  3,  PI  I.  The  number  of  eggs 
which  an  average  size  fish  will  spawn  is  about  forty  thou- 
s  ind.  I  estimated,  by  weighing  and  counting,  the  number 
in  a  fe.nale  Smelt  T-^-  inches  long,  from  Little  Xarragansett 
Bay,  R.  I.,  to  be  seventy  thousand,  and  this  after  making 
due  allowance  for  errors.  The  average  length  of  fish  from 
the  Raritan  river  is  less  tlian  this,  and  will  not  fall  far  short 
of  5  inclies. 

The  eggs,  as  they  issue  from  the  female,  are  enclosed  in 
or  surrounded  by  a  mucous  or  viscid  substance,  which  seems 
to  form  a  sort  of  protection  for  the  egg.  This  viscid  sub- 
stance has  a  tendency  to  adhere  to  whatever  it  touches — and, 
although  the  eggs  separate  as  soon  as  they  touch  the  water, 
yet  if  in  passing  toward  the  bottom  they  touch  any  object, 
such  as  a  leaf,  twig,  or  bit  of  weed,  they  remain  attached  to 
it.  The  water  then  appears  to  act  as  a  hardening  agent 
upon  this  viscid  coating,  causing  it  to  ''  set  "  in  the  form  of 
a  sack  around  the  egg,  with  a  slender  stalk  or  handle 
between  the  egg  and  its  attachment.  Fig.  8,  PI.  I.  Some- 
times a  number  of  eggs  remain  in  a  little  bunch  together,  or 
are  gathered  together  by  falling  one  upon  another  ;  the 
"setting"  of  the  mucous  around  each  one  then  transforms 
them  into  a  cluster,  Fig  5,  PL  I,  much  resembling  the  egg 
clusters  of  the  Cray-fish.  This  outer  coating  of  the  egg  or 
ovum  presents  a  granulated  or  dotted  appearance  as  if 
having,  a  great  number  of  pores  or  openings;  but  I  have 
been  able  to  discover  no  openings  in  small  pieces  of  the 
shell,  even  with  Zeiss  ocular  4,  objective  F,  and  am  inclined 
to  believe  it  the  effect  of  the  hardening  or  "  setting  "  process. 
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Fig.  8,  PI.  I.  The  imimpregnated  ovum  or  egg,  freshly 
taken  from  the  female  and  divested  from  the  mucous  coat- 
ing, presents  a  vitelline  membrane  or  shell  entirely  filled 
with  highly  refractile  oil  globules  of  very  nearly  uniform 
size.     These  oil-globules  constitute  the  vitellus. 

The  vitelline  membrane  has  upon  one  side  a  very  promi- 
nent depression  or  pit— the  micropvle — witli  an  undoubted 
opening  or  pore  at  the  bottom.     Figs.  1  and  2,  PI.  I. 

This  micropylc  at  tirst  indents  the  mass  of  oil-globules, 
but  as  soon  as  the  egg  passes  into  water,  some  of  it  is  ab- 
sorbed, and  the  vitellus  shrinks  in  bulk  and  occupies  a 
smaller  space  in  the  centre  of  the  egg.     Fig.  2,  PI.  I. 

From  the  absorption  of  water  the  micropyle  soon  becomes 
obliterated  and  its  place  sim^dy  indicated  at  first  by  a  slight 
protrusion  of  tlie  vitelline  membrane.  Fig.  o,  PI.  I,  after- 
wards by  a  puckering  of  the  surface,  Fig.  4,  PI.  I,  Avhicli  is 
observed  in  some  eggs  when  the  embryo  is  very  far  advanced. 
In  many,  or  perhaps  most  eggs,  however,  all  traces  of  tlie 
position  of  the  micropyle  disappear  soon  after  impregnation. 

The  absorption  of  water  slightly  increases  the  size  of  the 
ovum^  although  very  slightly,  the  great  change  being  the 
concentration  of  tlie  yolk-mass.  This  distention  of  the  vitel- 
line membrane  of  course  has  very  much  to  do  with  the  dis- 
appearance of  the  micropyle.  The  micropyle  is  not  constant 
in  position  as  regards  the  stalk  of  the  raucous  sack,  nor  as 
regards  the  position  of  the  embryo,  sometimes  being  over  the 
head,  sometimes  over  the  tail,  sometimes  to  one  side. 

This  latter  relationship,  however,  is  of  no  special  import- 
ance, since  the  yolk-mass  is  movable,  and  the  position  of  the 
micropyle,  with  relation  to  the  embryo,  thus  a  constantly 
changing  one,  with  evei-y  motion  of  the  egg.  .Vfter  the 
absorption  of  water,  the  concentration  of  the  yolk-mass,  and 
the  filling  out  of  the  vitelline  membrane,  the  vitellus  or 
yolk-mass  becomes  somewhat  cliaugeil  in  chirac^cr  ;  the  oil- 
globules  unite  one  into  another  directly,  foraiiug  larger 
spheres  in  the  centre  of  tlij  mas?,  with  smaller  onei  filling 
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up  tiie  interstices  and  forming  a  laj-er  around  the  outside  ol* 
periphery.  This  change  continues  until  the  outer  portion 
assumes  a  mottled  granular  appearance.  One  side — and  it 
is  always  on  the  side — then  assumes  a  lighter  shade,  becomes 
very  evenly,  finely  granular,  and  form.s  a  less  or  greater 
protuberance  from  the  vitellus.  Fig.  3,  PI.  I.  This  form 
continues  with  more  or  less  distinctness,  sometimes  assu- 
ming the  fissural  condition  of  segmenting  or  impregnated 
eggs,  until  the  yolk  gradually  turns  white,  disintegrated, 
and  (lies. 

I  was  unable  to  find  among  the  oil-globules  of  the  vitellus, 
any  germinal  vesicle  with  its  germinal  dot,  although  I 
opened  a  great  number  of  ova,  and  examined  the  contents 
with  Zeiss  ocular  4  and  objective  D,  giving  400  diameters 
enlargement.  I  did  find,  however,  in  most  of  I  he  ova,  a 
small  bit  of  granular  tissue,  which  may  represent  the  germi- 
nal vesicle,  or  more  properly,  perhaps,  the  blastodermic  tis- 
sue. I  am  inclined  to  think  that  the  germinal  vesicle 
undergoes  a  difterentiation  during  the  period  of  ripening  of 
the  egg  ;  and  although  no  true  segmentation  takes  place 
until  after  contact  with  the  male  element,  yet  a  granulation 
takes  place  which  changes  the  vesicle  with  its  contents,  into 
blastodermic  tissue,  ready  to  be  segmented  and  still  further 
differentiated  upon  contact  with  the  male  element,  or  without 
contact,  to  disintegrate.  It  is  highly  probable  that  in  an 
earlier  stage  than  I  have  examined,  the  vesicle,  with  its 
contained  germinal  dot,  can  be  found. 

Spermatozoa. 

The  milt  in  the  male  occupies  relatively  less  bulk  than 
the  spawn  in  the  female  ;  and  the  males  can.  thus  be  desig- 
nated from  the  females,  during  the  spawning  season,  by 
their  more  slender  form,  there  being  very  little  of  what  is 
vulgarly  known  as  pot-belliedness  about  them. 
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I'he  spermatozoa  or  nialu  elenu'iit.s  arc  very  numerous  in 
the  milt,  and  present  an  appearance  very  much  resembling 
grains  of  wheat,  Fig.  6,  PI.  I,  rolling  and  jerking  across 
the  field  of  the  microscope.  In  some  of  the  spermatozoa  I 
discovered  a  very  slight  prolongation  at  one  end,  hut  other 
than  this,  could  see  no  indication,  cither  when  in  motion  or 
still,  of  any  tail,  or  long,  slender,  filamentous  appendage  such 
as  is  found  in  all  other  vertebrate  spermatozoa,  so  far  as  my 
knowledge  extends.  Tlie  spermatozoa  are  very  small,  how- 
I'ver,  and  as  I  had  no  means  of  viewing  them  with  greater 
magnitude  than  950  diameters  ;  and  as  they  then  appeared 
mere  specks  upon  tlie  field,  this  observation  in  regard  to  the 
tail  is  far  from  reliable.  How  and  v/here  the  spermatozoa 
pass  through  the  vitelline  membrane  into  the  ovum,  and 
impregnate  it,  has  long  been  a  mooted  question.  That  in 
this  species  they  pass  in  through  the  opening  in  the  micro- 
pyle,  however,  and  are  drawn  in  with  the  water  which  the 
ovum  absorbs,  cannot,  I  think,  be  questioned. 

At  least  this  much  is  known,  that  if  the  dry  method  of 
milting  the  spawn  is  adopted  :  that  is,  putting  the  milt  and 
spawn  together  before  any,  or  when  very  little  water  has 
been  placed  with  the  spawn,  and  afterwards  placing  them 
in  water  and  shaking  together  gently,  the  proportion  of  eggs 
which  fail  to  be  impregnated,  or  to  do  well,  is  very  small 
indeed  ;  but  if  the  spawn  be  allowed  to  remain  in  water  for 
even  a  very  short  time  before  the  milt  is  added,  in  fact,  until 
by  absorption  the  micropyle  has  become  obliterated,  the  pro- 
portion of  eggs  which  turn  out  unimpregnated  and  bad  is 
very  large  indeed.  To  test  the  question  as  to  whether  sper- 
matozoa were  actually  taken  into  the  ovum  during  this  season 
of  water  absorption,  I  took  a  Smelt  egg  which  had  had  milt 
shed  over  it,  and  as  soon  as  it  had  ceased  absorbing  water, 
or  as  soon  as  it  was  apparently  full  of  water,  carefully 
removed  the  mucous  and  washed  it  in  six  waters,  so  as  to 
remove  any  spermatozoa  v;hich  might  be  upon  the  outside. 
I  then  took  off  the  vitelline  tticmbrane,  and  allowed  the  yolk 
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contents  to  escape  upon  a  glass  slide.  The  escaped  vitellus 
was  then  examined  •with  Zeiss  ocular  4,  objectives  D  and  F, 
and  I  was  able  to  discover  a  few  spermatozoa  among  the  oil- 
globules. 

This  may  be  considered  as  not  entirely  conclusive,  but  it 
is  questionable  if  any  more  conclusive  method  can  be  adopted, 
since  it  is  utterly  impossible  to  see  the  spermatozoa  penetrate 
the  ovum  through  the  vitelline  membrane^  either  at  the  mi- 
cropyle  or  elsewhere,  on  account  of  tlie  relative  sizes  of  ova 
and  of  spermatozoa. 

Lmpregxated  Ovum. 

For  quite  a  time  after  the  ovum  has  been  Impregnated, 
there  is  no  perceptible  diflference  in  the  changes  which  take 
place  from  those  in  the  unirapregnated  egg.  One  side 
becomes  clearer,  Fig.  4,  PI.  I,  with  fine  granulations,  a 
portion  protrudes,  and  then  take  place  those  segmental 
phases,  some  of  which  are  represented  in  Figs  0, 10  and  11,  PI.  I 

These  changes  were  very  slow  in  taking  place  in  the  eggs 
of  the  Smelt,  probably  on  account  of  the  sudden  lowering  of 
temperature  which  took  place  about  the  time  that  most  of 
the  eggs  were  taken  and  continued  for  a  week  or  more. 
Hence  many  of  these  changes  were  overlooked  in  the  confu- 
sion of  observing  ova  in  the  earlier  phases,  and  all  stages  of 
living  and  dying,  and  accordingly  I  lack  a  complete  series 
of  the  segmentation  stages.  These  stages  are  undoubtedly 
similar,  however,  to  those  in  the  egg  of  the  shad,  a  descrip- 
tion of  which  changes  will  be  given  in  another  place.  The 
fine  granular  portion  which  results  from  this  segmental 
differentiation,  gradually  extends  for  quite  a  distance  around 
the  periphery  of  the  egg,  Fig.  7,  PL  1,  and  represents  the 
blastodermic  tissue,  or  simply  blastoderm,  from  which  the 
young  fish  is  to  be  built  up.  Previous  to,  or  during  the 
formation  of  the  clear  granular  portion,  there  were  no  indi- 
cations of  any  polar  globules*  at  this  or  any  other  portion  of 

*  Richtun^sblattchen  or  direction  cells  of  authors. 
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the  vitellus,  but  merely  the  protrusion  of  one  side  into  a 
more  or  less  prominent  limb.  Fig.  3,  PI.  I.  In  certain 
ova,  however,  glomeration  did  take  place  :  that  is,  round 
balls,  sometimes  one  above  the  other,  formed  irregularly 
over  the  blastodermic  tissue,  and  I  noticed  that  such 
formations,  in  both  Smelt  and  Shad  ova,  heralded  always 
the  disintegration  of  the  vitellus.  Sometimes  this  glomera- 
tion took  place  after  the  embryo  was  considerably  formed. 
In  all  cases,  however,  no  further  development  took  place, 
the  ovum  soon  becoming  opaq^uo  and  dead.  Coincident,  or 
nearly  so_,  with  the  extension  of  the  blastoderm  is  the  forma- 
tion from  the  blastoderm  over  the  entire  surface  of  the  vitel- 
lus, of  a  layer  of  cells^  the  exoderm,  (epiblast),''"  which  forms 
the  outer  c^at  or  skin  of  the  embryo. 

The  folding  which  this  layer  undergoes  along  what  is  to 
be  the  dorsum  of  the  embryo,  I  was  unable  to  make  out  sat- 
isfactorily', on  account  of  the  difficulty  of  keeping  the  blasto- 
derm in  a  proper  i)Osition  for  study  under  the  microscope. 
Almost  as  soon  as  it  was  got  into  a  good  position,  it  would 
roll  slowly  back  to  the  side.  I  thought  I  made  out,  however_, 
in  a  number  of  specimens,  the  folding  in  different  stages  of 
its  progress. 

This  folding  consists  of  the  growing  up  along  the  central 
portion  of  the  blastoderm  of  two  laminae  or  ridges  from  the 
exoderm.  These  lamiufe  finally  unite  along  a  median  line, 
leaving  a  central  cavity  or  tube  the  length  of  the  folding, 


*  I  use  the  terms  exoderm  and  endoderm  as  being  more  exact  in  meaning 
than  epiblast  and  hypoblast.  The  cxodermic  layer  is  with  fishes,  very  rarely 
formed  upon  the  vpfer  side  of  the  blastoderm,  yet,  according  to  the  meaning 
of  the  terms,  when  the  epiblast  is  formed  below,  or  on  the  lower  side  of  the 
blastoderm,  it  would  become  the  hypoblast.  In  the  same  manner  the  hypo- 
blast or  under  blast,  when  formed  above  the  blastoderm,  would  become  the 
epiblast  I  use  these  terms  also  because  they  are  used  for  simiiar  or  homol- 
ogous structures  among  the  lower  forms  of  animal  life.  And  similarity  is 
much  to  be  desired  in  names  bearing  upon  or  attached  to  homologous  struc- 
tures. 
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which  forms  the  neural  or  spinal  arch  of  the  embr3'0,  or  the 
arch  in  which  the  spinal  cord  is  formed. 

Within  the  cxodcrm,  and  from  the  within-lying  cells  of 
the  blastoderm,  two  other  layers  are  suhsquently  formed— 
the  mesoderm  or  middle  layer,  and  the  endoderm  (hypoblast) 
or  internal  layer.  From  the  folding  in  and  union  of  these 
two  layers  in  conjunction  with  the  exoderm,  a  second  arch, 
the  body  or  alimentary  cavity,  is  formed.  The  further 
growth  of  the  embryo  then  takes  place  through  differentia- 
tions, either  slow  or  more  rapid,  in  the  three  layers  making 
up  these  two  arches.  The  first  indication  in  the  egg  of  the 
Smelt  of  anything  approaching  a  fish  or  animal  in  form,  is 
represented  in  Fig.  1,  PL  II. 

Here  the  folding  in  of  the  exoderm  to  form  the  neural 
arch  is  nearly  completed,  the  anterior  and  posterior  ends 
being  still  open^  although  only  the  anterior  end  can  be  seen. 
At  this  anterior  end  is  seen  quite  an  enlargement,  which 
represents  the  swelling  of  the  cerebral  vesicles,  or  what  will 
eventually  become  lobes  of  the  brain.  This  end  increases 
still  more  in  size,  tlie  lobes  appearing  to  swell  out  with  a 
more  rounded  appearance,  and  just  before  the  anterior  end 
of  the  neural  canal  closes,  round,  disk-like  markings  appear 
upon  the  middle  portion  of  the  sides  of  the  head — as  we  shall 
hereafter  call  this  end  of  the  embryo.  These  markings,  Fig, 
2,  PL  II,  represent  the  first  indications  of  the  eye-balls. 

The  head  presents,  at  tliis  period,  a  very  dumpy  or  club- 
shaped  appearance,  with  its  prominent  lobes  and  rather  thick 
lip-like  edges  of  the  closing  neural  canal.  Very  nearly  with 
the  appearance  of  the  eye  protuberances,  or  very  soon  after, 
can  be  seen  a  cylindrical  tube  containing  two  rows  of  largo 
cells  side  by  side,  which  barely  touch  in  any  jiart,  and  are 
somewhat  scattered  posteriorly,  extending  nearly  the  entire 
length  of  tlie  embryo,  just  along  the  ventral  side  of  the  neu- 
ral arch.  This  is  the  notochord  or  the  axial  portion  of  the 
future  back-bone.  Fig.  2,  PL  HI.  It  ends  anteriorly,  with 
a  quite  abruptly  bent  extremity,  just  on  a  line  with  tlie  pos- 
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terior  edge  of  tlie  eyes  ;  and  posteriorly  loses  itself  without 
bend  in  the  tissue  near  the  centre  of  the  tail,  just  ventral  to 
the  closed  end  of  the  neural  canal. 

Closely  investing  the  notochord,  and  coincident  with  its 
formation,  can  he  seen  a  sort  of  blocking-off  into  cell-like 
sections  in  the  posterior,  two-thirds  of  the  embryo.  Fig.  i, 
PI.  II.  These  sections  or  proto-vertebrce  arc  not  seen  in  the 
anterior  third,  but  become  gradually  lost  in  the  tissue. 
They  are  bounded  by  a  well  marked  line,  which  passes  par- 
allel to  and  at  some  distance  from  the  contour  line  of  the 
body,  around  the  posterior  end  of  the  notochord,  and  pro- 
ceeding forward,  becomes  lost  in  the  tissue  coincident  with 
the  segments  themselves.  These  segments  gradually  in- 
crease in  number  with  the  growth  of  the  embryo. 

The  least  number  which  I  noticad  in  any  specimen  after 
the  head  was  differentiated  so  as  to  be  distinguished,  was  24  ; 
from  this  they  increased  up  to  50,  beyond  which  number  I 
believe  I  did  not  count. 

The  portion  thus  segmented  becomes  eventually  the  harder, 
axial  part  of  the  body,  containing  the  greater  part  of  the 
osseous  material,  the  spinal  cord  and  the  main  blood-vessels. 
Up  to  this  time^  the  embryo  has  been  united  throughout  its 
entire  length  to  the  vitellus.  But  a  change  soon  takes 
place  ;  ihe  layers  of  the  embryo,  which  meanwhile  have  been 
forming  from  the  tis.^ue  lying  within  the  exoderm,  begin  to 
fold  in  to  form  the  second  cavity.  This  frees  the  posterior 
end  of  the  embryo  gradually  from  the  vitellus,  and  allows  it 
to  project  between  the  vitellus  and  the  shell  membrane, 
where,  by  the  growth  of  tissue  and  multiplication  of  seg- 
ments, it  gradually  extends  until  it  wraps  itself  completely 
around  tlie  yolk,  and  passes  by  the  head  on  the  opposite  side. 
Fig.  7,  PL  II. 

As  the  tail  becomes  free,  the  eyes  become  more  prominent, 
and  the  ears  are  indicated  by  slight  depressions  in  the  exo- 
derm upon  the  sides  of  the  body,  just  over  the  bend  in  the 
anterior  part  of  the  notochord. 
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A  depression  of  the  exoderm  now  takes  place  over  the  cen- 
ter of  the  eye-ball,  which_,  being  a  mere  sack,  is  depressed 
into  a  one-sided  cup  to  receive  the  bit  of  exoderra.  This  bit 
of  exoderm  is  then  surrounded  and  enclosed  by  the  sides  of 
the  cup,  it  becomes  detached  from  the  exodermic  layer,  and 
becomes  gradually  transformed  into  the  chrystaUine  lens. 
As  the  lens  and  cup  undergo  changes,  the  edge  of  the  cup 
is  so  modified  that  it  shuts  in  the  lens  much  as  a  watch  glass 
in  a  watch  is  enclosed  by  its  rim.  Fig.  9,  PI.  II.  This 
closing  of  the  eye-sack  around  the  lens^  is  from  the  dorsal 
towards  the  ventral  side,  and  after  the  lens  is  completely 
embedded,  the  line  of  contact  of  the  sides  of  the  sack  can  be 
ssen  running  from  the  edge  of  the  lens  down  and  along  the 
ventral  surface  of  the  eye,  until  it  becomes  lost  in  the  brain 
mass      Fig.  1,  PI.  III. 

By  this  time  the  ear  cavity  has  bacome  quite  prominent, 
surrounded  by  its  hemisphere  of  columnar  cells,  with  the 
otoliths  becoming  visible  as  small  transparent  bodies  in  the 
ventral  side  of  the  bottom  of  the  cavity.  Fig.  5,  PL  II. 
The  brain  can  also  be  made  out  as  a  tube-like  body,  with  a 
prominent,  posterior  fold,  open  at  both  ends  and  along  the 
dorsal  side,  and  having  a  diamond  shaped  expansion  of  the 
dorsal  slit  about  two-thirds  the  distance  from  the  anterior 
end.  This  expansion  represents  the  third  ventricle.  The 
posterior  fold  presents  two  lamiuci?,  curving  upward,  inward 
and  forward^  which  gradually  grow  together,  and  ultimately 
unite  upon  the  median  line  dorsally,  to  form  the  cerebel- 
lum ;  the  depression  just  posterior  to  the  fold,  or  the  posterior 
open  end  of  the  brain,  becoming  the  fourth  ventricle.  The 
eye  sacks  appear  attached  to  the  central  ventral  portion  of 
the  brain  tube.     Fig.  9,  PI,  II. 

They  are  in  fact  expansions,  and  hence,  differentiations  of 
the  middle  cerebral  vesicle.  The  nasal  pouches  are  indicat- 
e\  at  this  time,  by  circular  markings  just  anterior  to  the 
eyes.  As  the  infolding  of  the  layers  continues,  or  more 
properly,  as  the  embryo  grows  awav  from  its  original  con- 
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nection  with  the  yolk-sack,  the  organs  which  have  indicated 
specialization  become  still  more  higlily  specialized.  The 
eye  acquires  pigment  granules ;  the  ear  becomes  nearly 
enclosed  by  the  approximation  of  its  walls,  and  the  otoliths 
are  three  quite  prominent  dai-k  bodies  ;  the  nasal  pouch  has 
deepened  and  rests  against  the  anterior  dorsal  portion  of  the 
introverted  brain  ;  the  brain  has  increased  in  size,  and  shows 
indications  of  the  different  portions  into  which  it  is  subse- 
quently divided  ;  the  head,  which  up  to  this  time  luis 
remained  attached  to  the  yolk  mass,  becomes  free  as  i'ar  back 
as  to  the  posterior  edge  of  the  eye  ;  the  first  indication  of  an 
intestine,  is  seen  in  a  blind  hollow  space  in  the  tissue,  where 
the  tail  is  growing  away  from  the  yolk.  Fig.  2,  PI.  Ill  ;  and 
beneath  the  ear,  at  the  junction  of  the  embryo  with  the  yolk, 
is  a  rather  sharplj'-  marked  tract,  rounded  ]:)osteriorly  and 
somewhat  pointed  anteriorly,  in  which  the  heart  soon  is 
formed  from  the  mass  of  loose  cellular  substance  tlicreiii 
contained. 

The  branchial  fissures  are  indicated  at  this  later  stage,  by 
two  or  three  streaks  or  slight  transverse  linear  depressions 
along  the  sides  of  the  body,  posterior  to  the  eye-balls. 

Fig.  2,  PI.  Ill;,  represents  the  embryo  at  a  period  a  trifle 
later  than  this,  or  just  after  the  formation  of  the  heart,  and 
about  the  time  it  begins  to  beat  or  pulsate.  The  embryo 
has  been  removed  from  the  egg.  by  tearing  apart  the  vitel- 
line membrane,  the  yolk  remaining  unruptured.  The 
embryo  nearly  surrounds  the  yolk  ;  the  tail,  up  to  where  the 
vent  or  anus  will  be,  and  a  small  bit  of  the  head,  being  free. 
The  heart  is  plainly  visible,  and  the  branchial  lineations 
indicated.  The  endoderni  is  now  re[)res8nted  as  the  lining 
to  the  alimentary  canal  or  intestine^  or  at  least  such  portion 
of  the  canal  as  now  exists,  since  the  blind  posterior  extremity 
thus  far  alone  is  formed,  and  is  all  that  represents  the  future 
intestine,  the  remainder  of  the  to-be  canal  b.eing  filled  u^i 
with  the  mass  of  the  vitellns.  Very  soon,  however,  there 
takes  place  from  below  the  ear,  backwards,  an  infolding  of 
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the  laj'ers  of  the  blastoderuij  formingj  beneath  the  ventrally 
bending  end  of  the  notochordj  an  anterior  cpscum.  Mean- 
while the  infolding  at  the  posterior  end  has  been  going  on_, 
so  that  now  we  have  something  much  more  like  a  canal  ;  two 
csecal  extremities  with  connecting  dorsal  and  lateral  walls, 
and  a  ventral  wall,  open  for  a  space  along  the  centre  over 
the  yolk,  thus  still  giving  the  embryo  a  connection  with  its 
food-bag,  the  vitellus,  through  the  intestine.  Fig.  1,  PI.  III. 
The  walls  of  the  intestine  are  of  course  formed  by  the  layer 
of  endoderm.  At  this  time,  and  before  the  intestine  is 
entirely  shut  oif  from  the  vitellus  by  the  infolding  blasto- 
dermic layers,  a  large  vacuole  appears  puffing  out  the  body 
wall  where  the  anus  eventually  opens,  and  separated  from 
the  posterior  end  of  the  blind  intestine  by  quite  a  mass  of 
loose  cell  substance.     Fig.  3,  &,  PI.  III. 

The  heart  is  now  becoming  quite  well  defined,  and  is  beat- 
ing at  the  rate  of  about  thirty-five  pulsations  per  minute.  At 
first  the  heart  is  somewhat  more  rounded  at  one  end  than  at 
the  other,  forming  a  simple  sack,  consisting  of  a  layer  of  col- 
umnar cells,  and  attached  by  bands  of  tissue  at  either  end  to 
the  body  proper  of  the  embryo.  I  do  not  mention  whether  an- 
terior or  posterior  end  of  the  heart  is  the  rounder  extremity, 
because  I  am  not  positive  from  the  observations  made,  that 
the  rounder  end  is  constantly  in  the  same  position.  If  I  was 
to  make  an  assertion,  I  should  say  that  it  was  not  constant. 

Soon  the  heart  becomes  elongated  and  tubular.  Fig.  4,  PI 
III,  and  its  action  in  beating  is  much  like  that  of  a  water- 
wave.  The  impulse  begins  posteriorly  by  expanding  the 
posterior  part  of  the  tube,  thus  pushing  the  lower  back  por- 
tion of  the  tube  still  farther  back  towards  the  yolk  mass,  and 
stretching  nearly  straight  the  remaining  portion. 

The  impulse  then  passes  forward,  allowing  the  posterior 
part  to  return  to  its  former  position,  and  swelling  out  the 
central  portion  until  the  impulse  and  dilatation  have  passed 
to  the  anterior  extremity,  when  the  conditions  are  just  the 
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reverse  of  what  they  were  at  first.  The  action  taken  as  a 
whole,  is  very  much  as  if  we  took  hold  of  the  heart  by  one 
extremity  and  by  a  quick  twitch  should  send  a  wave  of  trans- 
lation from  one  extremity  to  the  other.  This  gives  a  very 
curious  and  beautiful  effect,  as  seen  under  the  lens. 

The  heart  soon  looses  this  tubular  form,  bscomes  thicker 
at  the  posterior  extremity  and  constricted  in  the  middle,  and 
passes  by  gradual  steps  into  a  two  chambered  organ.  Fig.  5, 
PL  III.  Figs.  1,  2,4,  PI.  lY.  At  the  same  time  it  increases  in 
its  number  of  beats  per  minute,  up  to  seventy,  beyond 
which  I  believe  I  did  not  count.  Nearly  simultaneous  with 
the  assumption  of  the  tubular  shape  of  the  heart,  vesicles 
appear  in  the  body  tissue  along  the  side  of  the  body  at  the 
anterior  end  of  the  alimentary  canal,  between  the  branchial 
surface  depressions  already  noticed.  Figs.  1  and  5,  PL  III, 
Fig.  1,  PL  lY. 

These  vesicles  increase  in  number  until  there  are  five  on 
each  side.  The  tissue  composing  their  inner  and  outer  walls 
then  appears  to  grow  thinner,  until  finally  an  opening  takes 
place  on  the  inside  into  the  alimentary  canal.  Fig.  1,  PL 
lY.  The  vesicles  then  disappear,  and  we  next  have  the  five 
branchial  slits  in  their  places.  Fig.  3,  PL  lY.  These  slits 
represent  the  future  branchial  or  gill  openings,  or  the  spaces 
between  the  gills  ;  and  the  bits  of  tissue  between  the  slits 
represent  the  future  branchial  arches,  or  become  what  are  more 
commonly  known  as  gills,  there  being  four  on  each  side_,  or 
four  pairs  in  all,  in  all  osseous  or  bony  fish.  The  anterior  bor- 
der of  the  first  branchial  slit  gradually  grows  backward, 
covering  the  rest  of  the  openings,  and  becomes  the  operculum 
or  gill-cover.  Before  this  change  takes  place,  however,  and 
while  the  branchial  fissures  are  yet  mere  slits  through  the 
tissue  of  the  body  walls  into  the  alimentary  canal,  the  yolk 
mass  has  been  growing  smaller  and  smaller,  and  the  oil 
globules  have  been  merging  into  each  other,  until  we  have 
a  large  spherical  oil-mass  or  globule  formed  in  the  fore  part 
of  the  yolk  sack,  Fig.  4,  PI  lY,  and  tl)e  remainder  of  the  yolk 
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composed  of  a  finely  divided  granular  mass,  with  the  yolk 
at  last  entirely  separated  from  the  intestinal  tract  by  the 
infolding  blastodermic  layers.  A  depression  now  takes  place 
in  the  anterior  end  of  the  body  and  upon  the  under  surface 
of  the  head,  and  gradually  de2pening,  until  it  reaches  the 
anterior  end  of  the  already  formed  intestine,  becomes  the 
mouth  and  oesophagus.  In  Fig.  4,  PI.  IV,  this  newly  formed 
mouth  opening  is  represented^  together  with  the  general 
shape  of  the  heart ;  the  shape  of  the  yolk  mass  ;  the  ear  now 
enclosed_,  with  its  otoliths  ;  the  pectoral  fin,  which  began  to 
show  at  about  the  time  the  heart  was  in  its  tubular  condi- 
tion ;  the  notochord  with  its  double  row  of  cells,  only  one 
row  being  visible  ;  and  just  beneath  the  notochord,  the  intes- 
tine which  has  now  become  either  a  solid  rod  of  cell  material 
or  a  tube  with  the  merest  trace  of  a  central  canal — this  can 
only  be  decided  by  sections,  which  I  have  not  as  yet  made. 
Figs.  5  and  6,  PI.  IV,  will  give  an  idea  of  the  posterior 
end  of  the  body,  and  the  portion  at  the  posterior  extremity  of 
the  intestine,  at  about  this  time.  These  portions  are  very 
much  enlarged,  and  show  that  a  difi"erentation  is  taking 
place  in  the  tissue  between  the  intestine  and  the  notochord, 
and  two  separated  tracts  a  and  b  are  forming  in  which 
shortly  the  great  blood-vessels  are  to  be  found.  These  tracts 
are  not  as  yet  extended  as  far  back  as  the  posterior  end  of 
the  notochord,  but  their  formation  is  indicated  by  spaces  in 
the  tissue  along  beneath  the  notochord.  Fig.  5,  PI.  IV. 
A  magnified  view  of  the  anal  portion  of  the  embryo  at  the 
time  of  the  formation  of  the  anterior  end  of  the  intestine,  and 
while  the  anal  vesicle  is  still  to  be  seen,  shows  that  these 
two  tracts  are  forming  even  then  in  the  tissue  above  the 
already  formed  posterior  end  of  the  intestine.     Fig.  3,  a,  Pi. 

III.  At  the  time  of  development  represented  by  Fig.  6,  PL 

IV,  the  anal  vesicle  has  disappeared,  and  the  cellular  mass 
indicates  plainly  an  outlet  tract,  although  no  vent  is  as  yet 
present  between  the  posterior  end  of  the  intestine  c  and  the 
exterior.     Up  to  this  time,  the  young  fish  has  been  retain- 
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erl  by  the  vitelline  membrane  within  the  egg.  It  now,  how- 
ever, at  about  this  stage  of  development,  becomes  free  from 
the  egg,  and  swims  freely  about  in  the  water,  looking  to  the 
naked  eye  very  much  like  an  animated  bit  of  isin-glass 
with  two  black  dots  at  the  end.  At  this  time  it  is  some- 
what less  than  tliree-eighths  of  an  inch  in  length,  and  being 
very  transparent,  could  hardly  be  seen  in  the  Avater,  were  it 
not  for  the  comparatively  large  black  eyes.  Side  and  top 
views  of  the  young  Smelt  at  this  stage,  but  very  much  en- 
hirged,  are  given  in  Figs.  1  and  2,  PI.  V.  Most  of  the 
structures  and  organs  already  mentioned  can  be  readily  seen; 
the  intestine  passing  along  the  centre  of  the  body  beneath 
the  notochord  and  above  the  yolk  mass,  from  mouth  to  anus  ; 
the  heart  witli  its  posterior  and  anterior  attachments,  now 
not  only  divided  into  two  distinct  portions,  but  relatively 
much  smaller  than  heretofore,  and  the  auricle  crowded  for- 
ward upon  the  ventricle  ;  the  ear  with  its  forming  semi-cir- 
cular canals  ;  the  nasal  sack  somewhat  closed  ;  the  promi- 
nent pigmented  eyes  ;  the  much  enlarged  pectoral  fins  ;  the 
yolk  mass,  now  much  absorbed  in  nourishing  the  body,  and 
gradually  becoming  enclosed  by  the  body  walls  ;  and  the 
quite  advanced  brain.  The  further  stages  of  the  brain  may 
be  seen  by  consulting  Figs.  10,  14  and  15,  PL  V.  In  Figs. 
10  and  15,  PI.  V,  the  brain  presents  the  same  general  fea- 
tures as  in  Fig.  2,  PI.  Y,  with  the  exception  that  all  the 
divisions  are  more  strongly  marked. 

The  posterior  lobes  are  gradually  approaching  each  other 
to  unite  on  the  median  line  dorsally,  and  form  the  cerebel- 
lum, w^hile  the  prominent  portions  immediately  in  front'of 
the  cerebellic  divisions  are  thickening  and  rounding  out  to 
become  the  optic  lobes,  and  the  anterior  part  is  also  chang- 
ing form  to  finally  assume  the  shape  of  the  cerebral  and 
olfactory  lobes.  In  Fig.  14,  PI.  V,  these  parts  are  represent- 
ed as  seen  in  the  adult  fish  and  of  natural  size.  The  brain, 
as  thus  seen  from  above,  forms  what  the  fishermen  call  the 
<'old  man's  face,"  seen  in  the  adult   Smelt,  through   the 


■72 


gemi-transparent  skull,  by  scraping  off  the  over-lying  skin. 
Soon  after  the  stage  represented  in  Fig.  1,  PL  V,  the  young 
Smelt  begins  to  undergo  quite  considerable  changes  inform; 
the  head  is  no  longer  roundish  or  blunt  in  front,  but  becomes 
sharp  and  rather  shovel-nozed,  from  the  rapid  extension  of 
the  lower  jaw  or  mandible  ;  the  yolk  mass  is  entirely  within 
the  limits  of  the  body,  and  fast  disappearing  ;  the  vent  has 
formed,  and  there  is  a  marked  depression  of  the  body  between 
the  heart  and  the  anterior  extremity  of  the  yolk  ;  the  intes- 
tine again  shows  as  an  open  tube,  with  the  portion  from  the 
yolk  to  the  anus  much  broader  and  larger  than  anteriorly  ; 
the  heart  is  in  shape  much  as  before,  but  now  a  few  small 
particles  can  be  .'^een  moving  around  in  the  cavities  of  the 
auricle  and  ventricle,  and  the  anterior  and  posterior  connec- 
tions of  the  heart  with  the  body  are  much  more  marked. 
These  are  all  represented  in  Fig.  4,  PI.  Y.  During  this 
last  stage,  vessels  have  been  forming  in  each  visceral  arch, 
and  one  very  prominent  one,  and  traces  of  a  second,  in  the 
tissue  anterior  to  the  first  visceral  cleft^  or  in  what  we  may 
now  call  the  operculum. 

These  vessels  gradually  extend  themselves  upward  along 
the  arches  and  sides  of  the  head,  until  they  reach  the  level 
of  the  ears  ;  from  this  point  they  vary  in  their  development 
both  in  time  and  form.  The  prominent  vessel  of  the  oper- 
culum, which  is  really  the  second  branchial  aorta,  and  will 
be  spoken  of  as  such  henceforth,  developes  very  rapidly,  and, 
from  the  position  it  has  already  attained,  turns  forward, 
downward  and  inward,  and  having  reached  a  position  just 
inside  the  eye  ball,  divides  into  three  branches,  one  branch 
going  into  the  ball  of  the  eye  and  passing  around  the  chrys- 
talline  lens,  emerges  and  passes  backwards  ;  one  branch  goes 
forward  to  the  fore''part  of  the  brain,  bends  around  this  and 
returns  nearly  upon  itself;  while  a  third  branch  passes  in- 
ward and  upward  into  the  brain  tissue,  to  unite  on  the 
median  line  and  near  the  centre  of  the  brain,  with  its  twin 
branch  from  the  second  branchial  aorta  of  the  other  side. 
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Almost  as  soon  as  tliey  unite  they  again  divide,  a  branch  pass- 
ing to  each  side  through  the  brain  tissue,  and  at  a  point 
somewhat  posterior  to  their  division,  they  unite  with  the  two 
returning  branches  already  mentioned,  to  form  lateral  ves- 
sels, one  on  each  side  of  and  just  along  the  base  of  the  brain, 
which  pass  into  the  auricle,  and  so  form  a  complete  circuit 
of  vessels  for  blood  transmission  ;  for  by  this  time  a  passage 
has  been  made  from  the  ventricle  along  the  floor  of  the  head, 
and  just  beneath  the  oesophagus,  to  the  already  mentioned 
branchial  vessels. 

Through  the  passage-way  thus  formed,  a  flow  of  blood,  or 
some  kind  of  fluid  containing  roundish  or  irregular  bits  of 
tissue  material,  takes  place.  This  flow  of  blood  serum,  with 
its  white  or  transparent  corpuscles,  through  the  2d  branchial 
vessels,  forms,  in  the  young  Smelt,  the  first  blood-system, 
which  is  entirely  a  head  circulation.  Fig.  3,  PI.  V.  The 
same  thing  takes  place  in  the  Shad.  Up  to  this  time  no  con- 
nection exists  between  the  rest  of  the  branchial  vessels  and 
the  2d  vessel,  or  between  each  other.  But  soon  the  3d,  4th 
and  5th  vessels  turn  forward  and  unite  into  a  common  vessel, 
which  passes  forward  to  supply  the  head  and  brain  with 
blood,  and  Avhich,  sooner  or  later,  unites  with  the  dorsal 
branch  from  the  2d  branchial  vessel,  since  all  the  branches 
eventually  unite  into  the  vessels  (jugular  veins),  w4iich  run 
along  the  basal  side  of  the  brain  to  return  the  blood  to  the 
heart.  The  sixth  branchial  aorta,  which  originates  from 
the  fifth,  passes  directly  upward,  inward  and  backward, 
until,  upon  the  median  line,  it  unites  with  its  fellow  branch 
of  the  opposite  side  to  form  an  open,  isolated  tube  around 
the  head,  which  has  connection  only  with  the  ventral  aorta 
through  the  fifth  vessel,  just  anterior  to  the  bulbus  arterio- 
susi,  which,  by  this  time,  has  formed  in  front  of  the  ventricle 
•  of  the  heart,  and  connected  with  it.  During  the  time  the 
tirst  circulation  is  in  progress,  corpuscles  can  be  followed 
from  the  heart  into  these  posterior  four  pairs  of  partially 
excavated  vessels,  where  they  are  stopped  in  their  onward 
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flow,  and  the  corpuscles  perform  piston-like  movements, 
back  and  forth,  to  and  from  the  closed  ends  of  the  vessels,  at 
each  and  every  pulsation  of  the  heart.  Sometimes  the  cor- 
puscles form  quite  a  mass  in  these  closed  vessels. 

They  get  out  of  the  main  blood  flow,  are  driven  into  the  ves- 
sels, and  become  clogged  in  these  until  the  vessels  open  at  their 
extremity.  Shortly  alter  this,  a  dorsal,  lateral  communica- 
tion is  made  between  the  5th  and  6th  vessels  ;  then  we  often 
see  corpuscles  passing  up  from  the  ventral  aorta  into  the  5th 
vessel,  and  from  this  through  the  new  channel  into  the  still 
closed  6th  vessel  :  or  corpuscles  will  often  pass  into  the  6th 
vessel,  and  when  they  come  to  the  channel  to  the  5th,  pass 
into  it,  and  so  on  into  the  circulation.  It  is  only  a  short 
time  after  this,  and  often  perhaps  coincident  with  the  form- 
ation of  the  connection  between  the  5th  and  6th  vessels,  that 
an  opening  takes  place  in  the  median  line  of  the  ventral  side 
of  the  united  6th  pair  of  vessels,  and  this  opening  leads  into 
the  dorsal  aorta  of  the  body.  The  body  aorta  passes  directly 
back  to  near  the  extremity  of  the  notochord,  where  it  bends 
upon  itself  and  returns  as  the  vena  cava,  just  beneath  the 
aorta,  to  empty  with  the  jugulars  into  the  Cuvierian  sinus 
of  the  auricle  of  the  heart.  From  the  aorta  are  given  off,  at 
different  parts  of  the  body,  a  great  number  of  small  arteries, 
which  are  distributed  to  different  parts  of  the  body.  In 
most  fish  and  other  vertebrata,  the  principal  arteries  thus 
given  off  in  the  embryo  are  the  omphalo-meseraic  arteries, 
which  pass  to  and  over  the  vitellus.  In  the  Trout  and  Sal- 
mon there  are  two  of  these  arteries,  one,  the  most  anterior, 
passing  directly  to  the  yolk,  a  second  passing  along  the 
upper  side  of  the  intestine,,  supplying  it  with  blood,  and 
returning  along  its  ventral  side,  to  unite  with  the  first  om- 
phalo-meseraic artery,  and  then,  dividing  into  innumei;able 
capillaries,  pass  over  the  vitellus,  to  be  gathered  togethcF 
once  more,  and  empty  their  contents  through  the  omphalo- 
meseraic  vein  or  veins — sometimes  there  is  only  one,  some- 
times two — into  the  Cuvieriai:;  sinus  of  the  auricle.     In  the 
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Shad,  Lake-Herring  and  White-fish  there  is  only  one  of  these 
arteries.  In  the  Smelt  there  is  none  at  all,  since  the  yolk, 
by  this  time,  is  entirely  absorbed,  undoubtedly  by  absorption 
from  cell  to  cell,  without  any  assistance  from  the  blood-ves- 
sels. Fig.  -1,  PI.  V,  shows  the  yolk  nearly  absorbed,  with 
the  liver  just  forming  at  its  posterior  dorsal  extremity. 
There  is  no  blood  flowing  in  any  part  of  the  young  Smelt  at 
this  time.  When  the  yolk  and  liver  become  as  shown  in 
Figs.  6  and  7,  PI .  V,  with  the  central  spherical  mass  of  the  yolk 
of  a  decided  yellow  color,  and  so  as  to  be  barely  discernible 
in  the  living  fish,  v.'c  can  discover  the  1st  circulation  of  the 
blood.  The  other  arteries  given  off  from  the  aorta  are  di.s- 
tribiited  along  the  entire  length  of  the  bodv.  As  a  rule,  an 
artery  is  given  off  to  supply  each  vertebral  segment  of  the 
body,  and  to  each  of  the  pectoral  fins.  In  the  tail,  tlie  aorta 
is  at  first,  as  already  stated,  simpl}^  folded  upon  itself;  soon, 
however,  it  divides  into  three  branches,  or  more  properly,  a 
connection  is  made  between  the  aorta  and  vena  cava,  at  a 
short  distance  from  the  posterior  extremity  of  the  vessels, 
thus  making  a  little  shorter  passage  for  tlic  blood  ;  and 
through  this  new  passage  most  of  the  blood  flows.  Where 
this  connection  link  is  made  from  the  aorta,  a  third,  ves- 
sel is  formed,  which  passes  upward  and  forward  around 
the  notochord,  near  its  posterior  end.  The  branch  which 
was  the  original  end  fold  of  the  aorta,  still  persists  and  su[)- 
plies  blood  to  the  end  of  the  notochord.  The  connecting- 
link  branch,  through  which  most  of  the  blood  now  returns 
to  the  heart,  grf'dually  lengthens,  so  as  to  become  as  long 
as  the  primitive  branch,  is  divided  up  into  capillai'ies,  one 
of  which  is  sent  to  each  ray  of  the  tail,  and  becjmes.  iti  fact, 
the  caudal  artery.  It  is  at  the  branching  of  these  three  arte- 
ries that  the  so  called  "caudal  heart"  of  fishes  is  found. 
It  is  no  heart  at  all,  and  there  are  no  pulsations  there, 
except  such  as  are  seen  in  all  arteries,  and  dne  to  the  same 
cause.  It  is  true  there  is  a  slight  enlargement  at  this  point, 
and  sometimes  the  enlargement  is  considerable,  but  it  is  di\e 


"wliolly  to  the  sudden  stoppage  of  the  rapid  on-rush  of  the 
blood  driven  from  the  hearty  by  the  branching  of  the  aorta 
and  the  sudden  bending  upon  itself  of  the  main  return 
branch.  The  blood  cannot  escape  fast  enough  into  the 
smaller  vessels  and  around  the  curve,  and  so  is  piled  up  at 
this  point,*  stretching  the  elastic  walls  of  the  aorta  into  quite 
a  cavity,  and,  by  forming  a  sort  of  cushion  for  the  impulses 
of  the  heart,  magnifies  the  beat ;  and  this,  together  with  the 
natural  rebound  of  elastic  walls  when  tightly  stretched  and 
then  released,  gives  the  "caudal  heart." 

In  Trout  and  Salmon,  and  especially  in  Lake-Herring, 
there  might  with  equal  justice  be  said  to  be  a  "yolk  heart," 
since  where  the  omphalo-meseraic  artery,  or  arteries,  pass  from 
the  aorta,  there  are  dilatations  of  the  vessels,  and  the  same 
"beating"  appearance  is  seen.  In  the  head  a  great  many 
small  arteries  are  sent  off,  which  ramify  through  the  brain 
and  surrounding  tissue.  The  position  of  these  new  vessels, 
and  of  the  branchial  vessels,  after  they  pass  into  the  head 
tissues,  is  continually  changing  and  approximating  toward 
a  central  vessel  on  the  ventral  surface  of  the  brain,  which 
is  to  unite  with  the  body  aorta,  and  form  a  connection 
between  all  the  branchial  vessels  and  the  aorta,  so  that  by 
far  the  greater  portion  of  the  blood  shall  make  the  complete 
circuit  of  the  body  before  returning  to  the  heart.  I  was  not 
able  to  see  this  change  in  the  Smelt,  on  account  of  the  im- 
possibility of  keeping  the  young  fry  alive.  They  would  not 
feed.  My  observations  upon  the  development  of  the  Smelt, 
therefore,  end  at  this  point.  Much  of  the  embryology  of 
this  jjaper  requires  to  be  further  authenticated  by  examina- 
tion and  sections.  This  work  I  hope  to  perform  at  no  dis- 
tant day. 

*  Quaere.  Does  this  offer  any  suggestion  as  t«  the  original  formation  of  a 
heart  ? 

Is  a  heart  homologically  simply  an  improvised  dilatation,  for  retarded  blood) 
of  a  branched  or  bending  vessel,  and  a  dilatation  in  -which  the  rythmical  pul- 
sations, originally  impressed  upon  it  from  without,  have  become  inherited, 
and  are  now  originated  and  perpetuated  by  it  throngU  a  force  which  has 
become  a  part  of  itself? 
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VARIATION  IN  THE  SMELT. 


While  at  work  upon  the  embryology  of  the  Smelt  I  was 
constantly  being  reminded  by  the  fishermen  that  the  Rari- 
tan  river  Smelt  was  entirely  different  I'rom  that  of  New 
England,  and  by  inquiring  I  found  the  difference  to  be  in 
size,  flavor,  and  the  transparency  of  the  skull.  The 
fishermen  maintained  very  strongly  that  the  New  England 
Smelt  was  a  larger,  coarser  fish  than  theirs  ;  that  in  the 
New  England  Smelt  no  "old  man's  face"  could  be  seen 
through  the  skull  ;  and  that  for  the  table  the  Raritan  river 
fish  was  so  much  superior  that  there  could  hardly  be  any 
comparison  between  them.  They  also  claimed  two  species 
of  Smelt  for  the  Raritan  river  :  one,  the  comvcion  frosf-Jish — 
the  other,  the  silversides.  This  latter  fish,  according  to 
them,  never  grows  to  a  greater  length  than  3  or  4  inches, 
and  the  silvery  sides,  and  silvery  reflections  generally,  are 
much  more  silvery  than  in  the  frost-fish.  In  other  words, 
the  frost-fish  is  a  larger  and  less  brilliantly  tinted  fish 
than  little  3Ir.  Silversides.  The  frost-fish  is  often  found 
from  8  to  12  inches  in  length.  Persons  acquainted  with  the 
Raritan  river  Smelt,  only  as  a  table  luxury,  were  of  the 
same  opinion  as  the  fishermen  in  regard  to  its  being  a  dis- 
tinct species,  and  I  was  desired  to  investigate  the  subject. 

In  order  to  do  this  at  all  satisfactorily,  I  have  found  it 
necessary  to  go  pretty  thoroughly  through  the  literature  of 
the  subject,  both  in  regard  to  the  European  Smelt,  (Osmerus 
eperlanus) ,  Rond.,  and  the  American  Smelt,  (0.  vii^idescens) , 
Lesueur  ;  and  in  order  to  give  a  just  idea  of  the  variation, 
it  will  be  necessary  to  follow,  to  a  certain  extent,  the  biblio- 
graphy and  natural  history  of  the  subject  in  this  paper.  I 
shall  treat— ^irs^,  of  the  American  Smelt ;  second,  of  the 
European  Smelt;  third,  compare  the  two  ;  and,/oizr^7i,  give 
a   fairly   complete   bibliography   of  both.     While   at    New 
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Brunswick,  with  every  day  many  of  tlie  Raritan  river  Smelt 
at  hand,  I  sent  to  Mr.  Blackford,  the  well-known  fish-dealer 
of  Fulton  Market,  Xew  York,  for  some  male  and  female 
Smelts,  which  he  could  guarantee  me  as  having  come  from  ISTtrw 
England  waters,  and  being  genuine  ISTew  England  Smelt, 
the  0.  viridesceiis  of  Lesueur.  With  that  kindness  which  he 
always  shows  towards  scientific  workers,  he  sent  me  some 
very  fine  fresh  specimens  of  Smelts,  which  he  guaranteed  as 
having  been  caught  in  Little  Narragansette  Bay,  R.  I. 
With  these  specimens  before  me,  placed  alongside  of  fresh 
specimens  from  the  Raritan  river,  I  was  able  to  compare 
them  with  the  greatest  nicety.  There  were  certain  slight 
difierences.  The  color  along  the  back  and  above  the  lateral 
line  was  of  a  slightly  lighter  shade  of  green  in  the  New 
England  Smelt  than  in  that  of  the  Raritan  ;  the  first  fin- 
ray  in  each  fin  in  the  Raritan  fish  was  darker  than  the  rest 
of  the  fin  ;  while  in  the  Xew  England  fish  the  fins  were 
nearly  uniform  in  color.  In  length,  the  Raritan  Smelt 
would  probably  average  5  inches  :  the  specimens  of  the  New 
England  Smelt  which  I  had,  averaged  about  7  inches.  The 
Commission,  however,  had  Raritan  Smelt  in  their  reservoir 
eight  inches  or  more  in  length,  and  they  have  been  taken  in 
the  Raritan  of  a  length  of  thirteen  inches,  according  to  the 
fishermen.  And  in  regard  to  the  Northern  Smelt,  Mr.  Ch.  Lan- 
man,  in  the  United  States  Fish  Commissioners'  Report  for 
1872-3,  page  224,  says  that  the  average  size  of  Smelt  in 
Eastern  Maine  and  New  Brunswick  is  only  five  or  six  inches. 
The  shape  of  the  body,  and  the  length  of  body  and  head, 
compared  with  each  other,  in  the  two  kinds,  were  nearly 
identical.  The  number  of  rays  were  the  same  in  each,  and 
were  as  follows  : 

B.  8  ;  D.  11  ;  P.  11  ;  V.  8  ;  A.  15  ;  C.  10+. 

The  scales  were  the  same  in  shape,  with  simihir  concen- 
tric markings,  of  proportional  size  and  nearly  transparent. 
Fig.  11  a,  b,  PI.  Y.  The  teeth  were  alike,  and  consisted  of 
a  row  of  fine,  closelv-set  teeth  tlie  entire  leno;th  of  the  max- 
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illaries  ;  one  or  two  pairs  of  vomerine  fangs  ;  two  rows  upon 
the  tongue,  of  wliioli  tlic  anterior  four  or  five  teeth  were 
ffing-likc,  and  generally  with  a  single  fang  at  the  extremity 
of  the  tongue  ;  two  rows  of  small  teeth  upon  the  anterior 
]K)rtion  of  the  mandihle,  of  which  the  inner  Averc  the 
larger  ;  the  outer  row  of  mandibular  teeth  extended  later- 
ally upon  the  mandibles,  but  were  more  scattered  and  larger 
than  anterior,  and  also  larger  than  those  in  the  inner  ante- 
rior row.  There  were  also  rows  of  palatine  and  pterygoid 
teeth,  but  they  were  all  small. 

All  the  teeth  were  recurved  to  a  greater  or  less  extent. 
See  Fig's  8,  9  and  12,  PI.  V.  The  viscera  wag  similar, 
and  the  number  of  pyloric  Cieca  five  in  each.  The  head  in 
the  two  fish  showed  greater  variation.  In  the  New  England 
Smelt  it  was  fuller ;  the  lower  jaw  did  not  protrude  so  far 
beyond  the  upper,  and  the  gape  of  the  mouth  was  not  as 
great  vertically.  The  difference  in  the  fullness  of  the  head 
and  the  rounder  snout  and  less  prominent  mandible  in  the 
New  England  fish,  are  shown  in  Fig's  13  and  16,  PL  Y. 
The  great  gape  of  mouth  in  the  Raritan  Smelt  is  shown  in 
Fig.  D,  PI.  V.  The  general  shape  of  the  head  in  the  Pari- 
tan  Smelt,  Fig  8,  PI.  V,  is  more  delicate  and  pointed  than 
in  the  other,  Fig.  12,  PL  \'  ;  the  top  of  the  head,  back  from 
the  eyes,  is  slightly  flattened,  from  whence  there  is  a  rise  to 
the  dorsal  contour  line  of  the  body.  The  delicacy  of  the 
head  is  due  to  the  slight  contraction  of  the  sides  of  the  head 
in  the  region  of  the  eyes,  Fig.  13,  PL  V,  and  the  protrusion 
of  the  jaws  thus  narrowed  into  a  more  slender  snout. 

The  lateral  line  in  each  begins  at  the  dorsal  extremity  of 
the  gill-opening,  curves  ventrally  and  posteriorly  for  a  short 
distance,  then  passes  in  a  straight  line  to  the  tail,  near  its 
center.  The  difterences  upon  which  we  have,  then,  to  form 
two  species  of  them,  are,  firs',  a  higher  coloration  of  the 
back  and  of  the  first  fin-rays  in  one  than  in  the  other; 
second,  in  size,  and  third,  in  the  shape  of  the  head.  As 
regards  the  frost-fish  and  silversides,  upon  placing  side  by 
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pide  such  specimens  as  were  acknowledged  by  the  fishermen 
to  be  types  of  the  two  kinds,  no  differences  could  be  detected 
by  the  fishermen  themselves,  eren  in  the  brilliancy  of  the 
silver  markings  ;  and  when  convinced  of  this,  they  said, 
"  well^  these  never  grow  any  larger,"  referring  to  the 
silversides.  If  size,  and  perhaps  a  slight  variation  in  color- 
ation, can  determine  species,  then  we  have  at  least  three 
species  of  Smelt  in  this  country. 

Up  to  1817,  the  American  Smelt  was  considered  to 
be  identical  with  that  of  Europe.  In  December,  1814, 
Mr.  Sam'l  L.  Mitchell  read  before  the  Literary  and 
Philosophical  Society  of  Xew  York^  a  paper  upon  the 
fishes  inhabiting  the  waters  of  the  State.  In  1815 
this  paper  was  published  in  Vol.  I.  of  the  Transactions  of 
the  Society.  In  this  jiaper  he  sa\s  of  the  Smelt,  page  435  : 
"Smelt,  (Salmo  eperlanus.)  bluish  silvery  salmon,  with 
transparent  head  and  1.7  rays  in  the  anal  fin.  This  fish  is 
occasionally  brough  to  the  Xew  York  market,  but  he  is  not 
a  steady  visitor. 

I  have  eaten  him  in  fine  style  at  Newark,  whither  he  was 
brought  from  the  Passaic  river." 

In  1817,  M.  Lesueur  in  Vol.  I.^  Journal  of  the  Academy 
of  Natural  Science,  Philadelphia,  page  230,  describes  the 
American  Smelt  as  a  new  species,  Osmerus  viridesceus .  His 
description  is  as  follows  :  "  Blaxillaries  denticulated  in  their 
whole  length ;  mandibles  very  wide  and  doubly  carinated 
lengthwise  in  the  middle  ;  dorsal  fin  higher  than  wide,  its 
origin  corresponding  with  that  of  the  ventrals  ;  head  and 
hack  of  a  fine  golden  green,  as  far  as  the  lateral  line  ;  pec- 
torals, ahdominals  and  the  rest  of  the  body,  silver-white  ; 
air  bladder,  fusiform,  swoln  at  the  middle  ;  hody,  long, 
sub-compressed  and  sub-transparent  ;  bach,  straight,  a  little 
elevated ;  lateral  line,  faint,  blending  the  green  color  of  the 
back  with  the  white  of  the  sides  and  abdomen  ;  lower  jaiv, 
somewhat  longer  than  the  upper,  recurved,  opening  pro- 
longed as  far  as  the  eyes;  teeth,  strong,  cylindrical,  lona; 
and  crooked,  three  at  the  tongue  very  strong,  one  of  which 
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is  at  its  extremity  ;  j^^^^iorils,  largo  ;  cuial,  wide  in  front, 
nirrow  Inick  and  filightly  notched  ;  caudal,  forked,  with 
acute  lobes  ;  adipose  fin,  a  little  Lent  and  terminating  in  a 
point  ;  eyes,  orbicular,  iris  white  and  brown,  pupil  black  ; 
scales  equal,  rhomboidal.     Length,  about  ten  inches. 

Taken  with  the  line  from  Boston  to  Newport.  Good  for 
food.     B.  8  ;  P.  14-lG  ;  D.  11  ;  V.  9  ;  A.  15  ;  C.  10^ 

We  believe  this  to  be  a  new  species,  and  have  called  it 
vlridesceus,  from  the  green  color  of  its  back."  In  February, 
1818,  in  the  2d  Volume  of  the  American  Monthly  Magazine 
and  Critical  Review,  New  York,  page  248,  ?dr.  Mitchell  says 
again  in  regard  to  the  Smelt :  '^  ***=>=  * 
The  specimens  before  me  were  examined  on  March  7th, 
1816,  when  the  color  of  the  back  was  pale.  They  were 
taken  near  New  London  ;  they  are  found  in  various  other 
waters  around  New  York.  It  is,  beyond  a  douht,  the  Smelt 
of  Ihe  European  naturalists.  There  have  been  no  Smelts  in 
our  market  for  several  years  until  now.  The  anal  fm  is 
regularly  distinguished  for  possessing  seventeen  rays." 
Tiie  Italics  above  are  mine. 

In  1833,  Mr.  J.  V.  C.  Smith,  in  his  Natural  History  of 
the  Fishes  of  ]\rassachu.sett8,  published  at  Boston,  says,  page 
147: 

"The  Smelt,  0.  cperlamis,  of  Massachusetts,  resembles 
that  of  Europe,  but  still  there  is  a  variation  in  the  number 
of  rays  in  the  fins.  At  the  South,  there  is  a  variety  called 
menidia,  which  has  twenty-four  rays  in  the  anal  fin." 

Dr.  J.  Richardson,  Fauna  Boreali  Americana,  London, 
183G,  Part  III,  page  185,  notices  M.  Le  Sueur's  claim  of  a 
new  species  in  the  American  Smelt,  under  the  name  of  0. 
viridescens ,  but  considers  that,  as  Cuvier  was  well  acquainted 
with  Le  Sueur's  papers,  and  did  not  consider  the  differences 
sufiicient  to  establish  a  new  species,  he  will  retain  the 
name  given  in  the  Regne  Animal,  i.  e.  eperlanus. 

He  gives  the  rays  as  B.  7-8 ;  P.  14  ;  D.  10-0  ;  V,  8 ;  A. 
10;  C.  1913;    an^^  in  n,  note  says  that  the  last  anal  ray  is 


82 


often  divided  to  the  base,  and  hence,  to  a  cursory  glance, 
would  indicate  seventeen  anal  ra3'^s.  Mr.  D.  H.  Storer,  in  hia 
Report  upon  the  Fishes  of  Massachusetts,  Boston,  1839,  p.  109> 
after  describing  the  Smelt,  says  :  "  In  the  1st  Volume  of  the 
Journal  of  the  Academy  of  Natural  Science,  of  Philadelphia, 
Le  Sueur  describes  this  as  a  new  species,  under  the  name  ot 
''  viridescens ." 

Cuvier  docs  not  acknowledge  this  to  be  distinct  from  the 
European  species,  and  therefore  Artedi's  name  has  the  pri- 
ority." In  18i2,  Mr.  James  De  Kay,  in  Natural  History  of 
New  York,  Zoology,  Part  I,  page  243,  admits  Lesueur's 
new  species,  as  0.  viridescens.  He  gives  the  length  of  the 
American  Smelt  at  six  to  twelve  inches  ;  and  makes  Cuvier 
the  author  of  the  genus  Osmerus,  instead  of  Artedi,  to  whom 
belongs  whatever  of  credit  there  may  be  in  the  origination 
of  this  generic  name.  His  description  otherwise  coincides 
with  that  of  Storer.  In  1845,  Storer  reconsidered  his  ac- 
count of  the  Smelt,  and  in  Memoirs  American  Academy  of 
Arts  and  Sciences,  New  Series,  Volume  II,  Cambridge, 
1846,  page  450,  says  :  "I  wrote  Mr.  Yarrel  upon  the  sub- 
ject, who  kindly  sent  me  several  specimens  of  the  0.  cper- 
laniis.  Upon  examination,  they  differ  from  our  species,  and 
with  specimens  of  our  own  and  foreign  fish  before  me,  the 
diffcreucG  was  quite  perceptible.  Our  fish  will,  then,  of 
course,  bear  Lesueur's  name  of  0.  viridescens. 

Mr.  Yarrel  writes  me,  respecting  the  two  species,  '  our 
fish  is  considerably  lighter  in  color,  particularly  upon  the 
back,  and  on  the  dorsal  and  caudal  fins.  The  double  series 
of  transverse  lines  on  the  sides  in  our  fish  are  wider  apart, 
and  the  lozenge-shaped  simces  are  in  every  sense  larger. 
Our  fish  is  deeper  for  the  same  length  than  yours  ;  the  body 
is  thicker,  but  the  head,  particularly  the  parts  about  the 
jaws,  is  narrower. 

Our  fish  has  the  gape  opening  more  fully  vertically. 
The  eye  in  our  fish  is  smaller  ;  the  preopercle  deeper  ;  and 
its   posterior   edge  more  truly  forming   a   vertical  line.'  " 
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Had  Mr.  Yarrel  bseri  describing  the  dififerences  between  the 
New  England  and  the  Raritan  Snielt,  he  could  hardly  have 
expressed  them  more  accurately.  In  Volume  Vf,  Memoirs 
of  same  Society,  p.  32T,  Mr.  Storer  adds  these  remarks : 
"  The  upper  part  of  the  abdomen,  beneath  the  lateral  line, 
presents  the  appearance  of  a  satin  band  the  entire  length  of 
the  body  ;  the  upper  edge  of  this  band  is  of  a  heautiful  violet 
tint.     The  fin  rays  are  D.  11 ;  P.  U  :  V.  9  :  A.  15  ;  C.  19." 

The  italics  above  are  mine. 

In  IS^S  M.  A.  Valenciennes,  in  Histoire  Xaturelle  Dei 
Poissons,  Par  Cuvier  et  Valenciennes,  Paris,  184:3,  admits 
the  new  species  as  the  Eperlan  of  Xew  York,  0.  viridescens, 
Lesueur.  He  gives  the  rays  as  follows  ;  D.  11  :  A.  16  ;  P. 
12  ;  V.  8.  He  says,  page  2S3,  vol.  XXI,*  after  giving  the 
characters  which  distinguish  the  two  species,  which  differ- 
ences are  nearly  as  given  by  Yarrel,  already  cited,  "  Ve 
have  received  a  large  number  of  specimens  of  this  species 
from  the  Xew  York  market,  through  the  kindness  of  M. 
Milbert.  Mitchili  has  considered  it  identical  with  the  Eper- 
lan of  Europe,  under  the  name  of  Salmo  eperlanus,  or  Smelt; 
but  one  would  imagine  that  M.  Lesueur,  born  at  Havre,  an  1 
consequently  at  the  mouth  of  the  Seine,  might  have  easily 
distinguished  at  the  first  glance  a  fish  which  he  had  known 
from  childhood.  The  green  and  olive  color  of  this  species 
struck  this  naturalist,  who  described  it  in  the  Jour,  of  the 
Acad,  of  Xat.  Sci.  of  Phil,  under  the  name  of  0.  viri- 
descens." In  Jan. ,  1S61,  in  a  Catalogue  of  the  Eishes  of  the 
Eastern  Coast  of  Xorth  America,  published  as  an  Appendix 

*Xou3  en  avons  re<;'ii  ua  grand  nooibre  desemplaires  da  marcVic'  Ct  Xe^' 
York,  par  les  soins  de  M.  Milbert. 

Mitchili  I'a  coufondue  avec  I'Eperlan  d'Europe  sous  le  aoai  de  S.i,'f*i.»  ep^r- 
Umus  ou  de  Smelt;  mal3  on  conceit  que  M.  Lesueur,  n3  au  Havre,  par  con- 
sequent a  reaibouchuro  de  la  Seine,  ait  facilenient  dLstingae  ^  la  premiere  vue, 
ua  poisson  qu'il  connaissait  depuis  I'enfance.  La  coaleur  verte  ct  olivitre 
de  cette  esptke  a  frappe  ce  naturaliste.  qui  I'a  decrite  dans  le  Journal  de 
I'Acadeaiie  des  Sciences  de  Piiil.,  sous  le  noui  dOnmnis  mridacjiis. 
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to  the  Proc.  Acad.  Xat.  Sci.  Phil.,  1881,  at  page  53,  Mr. 
Th.  X.  Gill  gave  the  name  of  mordax  to  the  American 
Smelt,  without  giving  any  reference  as  having  described  it 
as  a  new  species.  His  only  reference  is  Storer.  Syn.  Fishes 
N.  A.,  page  197,  where  0.  viridcscens  is  given  as  its  specific 
name.  In  the  same  volume  of  the  Proc  ,  page  58,  IMr. 
Thaddeus  Xorris  claims  a  new  species  in  the  Smelt  of  the 
Raritan  and  Delaware  rivers.  His  description  was  re-printed 
in  the  American  Anglers"  Book,  Phil.,  1865,  page  263. 

He  says  :  ''  The  points  of  difference  between  this  and  the 
0.  viridescens  are,  the  more  southern  habitat  of  the  new 
species,  its  smaller  and  more  uniform  size,  and  the  distinct 
roseate  purple  of  the  streak  above  the  lateral  line.  0.  viri- 
descens, the  Northern  Smelt,  attains  the  length  of  twelve 
inches.  I  have  seen  the  new  species  here  described  in  quan- 
tities at  New  Brunswick,  X.  J.,  but  never  exceeding  six  and 
a  half  inches,  exclusive  of  caudal."  In  his  American  Fish 
Culture,  Philadelphia,  1868,  page  202,  he  calls  the  Raritan 
and  Delaware  Smelt,  0.  Sergeantfi,  thus  taking  it  for  granted 
that  it  loas  a  new  species.  In  the  Catalogue  of  Fishes, 
London,  1806,  volume  VI,  pages  167-8,  Dr.  Guenther  gives 
the  name  of  0.  viridescens  to  the  American  Smelt,  and  says, 
''  Scarcely  distinct  from  0.  cpcrlanus,  but  with  a  little 
smaller  scales  ;  the  number  of  transverse  series  above  the 
lateral  line  being  sixty-six.  The  posterior  mandibular  teeth 
not  larger  than  the  anterior  ones."  In  the  United  States 
Fish  Commission  Report  for  1871-2,  page  810,  Mr.  Gill 
classes  the  Smelt  as  0.  mordax,  (Mitch).  But  Mitchill  gives 
no  such  name  to  the  Smelt.  In  answer  to  my  inquiry  upon 
this  point,  Mr.  Gill  writes  to  Mr.  Ferguson,  under  date  of 
December  9th,  1877 :  "  The  species  was  first  described  by 
Mitchill  in  the  Trans.  Lit.  and  Phil.  Soc,  N.  Y  ,  volume  I, 
page  446,  under  the  name  of  Atherina  mordax.  *  *  The 
species  is  not  badly  described,  although,  of  course,  Mitchill 
made  quite  a  mistake  ia  its  systematic  position,  being 
deceived  by  a  certain  similarity  in  aspect  and  color  between 
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tKat  species  and  t'.ie  tru3  Atherime ;  the  iiams  must,  however, 
ba  adopted,  and  the  species  called  Osmems  mordax."  As 
Mr.  Gill  says,  the  description  is  not  bad  as  applied  to  the 
Smelt,  bnt  it  v.'ould  apply  equally  as  well  to  stray  specimens 
of  the  Capelin,  Mallotus  villosus,  or  Argentine,  Argentina — . 
DeKay  Nat.  Hist,  of  I>rcw  York,  1842,  Zoology,  part  I,  page 
143,  says  upon  this  point :  ^' With  regard  to  the  Ailierina 
mordax,  or  large  Silver-sides  of  Mitchill.  there  is  more  diffi- 
culty, "  (i.  e.,  than  homologizing  A.  viridescens  with  A.- 
menidia).  "  From  its  dental  armature  and  adipose  dorsal, 
it  cannot  be  arranged  in  this  family.  In  his  "  report  in 
part,"  he  states  that  '  it  may  bo  A.  Brownii ;  if  it  be  so  con- 
sidered, Ave  shall  know  it  better  for  the  future.'  I  am  not 
acquainted  witli  the  species  referred  to,  but  have  no  doubt 
that  the  mordax  is  the  true  Osmerus  of  the  family  Sal- 
monidea.  I  am  disposed  to  believe  that  my  late  venerable 
friend  has,  by  mistake,  applied  the  description  of  0.  eperlanus 
this  species,"  (A.  menidia). 

If,  therefore,  a  person  does  a  thing  when  he  does 
not  intend  it  at  all,  that  thing  must  be  binding  upon 
all  who  come  after  him.  And  because  Mr.  Mitchill 
wrote  a  description  of  some  hind  of  a  fish,  and  attached 
the  specific  name  of  mordax  to  it,  therefore,  because 
that  kind  of  fish  is  not  known  exactly,  and  because  the  de- 
scription applies  fairly  to  the  Smelt,  the  Smelt  must  be 
known  as  mordax.  Mr.  DeKay  did  not  think  so  ;  Mr. 
Guenther  did  not  think  so  ;  accordingly,  neither  of  them  have 
given  to  the  Smelt  the  synonym  of  mordax. 

But  what  is  much  more  to  the  point  and  certain,  is  that 
Mitchill  did  not  intend  this  description  to  apply  to  the 
American  Smelt.  He  was  acquainted  with  the  Smelt,  and 
in  this  same  report,  upon  a  previous  page,  (435,)  he  de- 
scribes it  as  Salnio  epsrlanus ;  and  again,  at  a  later  date, 
February,  1818,  in  American  Monthly  Magazine  and  Crit- 
ical Review,  page  2i8,  he  says  :  ''  It  is,  beyond  a  doubt,  the 
Smelt  of  the  European  naturalists."     Wo  can^  then,  adopt 
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as  with  De  Kay,  that  it  was  a  mistake  in  describing  a  spe- 
men  of  A.  menidia;  that  it  was  a  stray  female  Capelin,  or 
a  strange  form  of  Argentine  ;  or  that  it  was  some  fish  which 
we  cannot  identify.  To  wliichever  conclusion  we  may 
arrive,  it  is  equally  evident  that  Mr.  Mitchill  did  not  intend 
that  the  American  Smelt  should  be  erected  into  a  new  spe- 
cies ;  hence,  mordax  ought  not  to  he  used  in  connection  with 
it,  I  hardly  think  that  the  scientific  claim  for  priority  in 
nomenclature  has  arrived,  as  yet,  at  that  pass  that  things 
not  intended,  and  not  desired,  shall  becorae/ai^5  accomplis. 

The  change  in  synonymy  of  the  American  Smelt,  up  toj)res- 
ent  time,  has  been,  Salmo  eperlanus,  Mitchill  ;  Osmerus  eper- 
lanus,  Smith  ;  0.  viridescens,  Lesueur  ;  0.  mordax,  Gill ;  0. 
Sergeantti,  Norris.  Mr,  Lesueur  made  a  species  of  the  Am- 
erican Smeh  as  distinct  from  the  European,  almost  solely 
upon  a  difierence  in  colo7\ 

Mr,  Norris  made  a  species  of  the  Raritan  and  Dela-ware 
Smelt,  upon  color  and  size.  Now,  to  please  the  fishermen, 
we  ought  to  create  a  new  species,  on  account  of  size,  to  in- 
dica,te  their  little  3Ir.  Silversides.  We  will  then  have,  on 
the  eastern  coast  of  the  United  States,  0.  viridescens,  Les- 
ueur, for  the  northern  fish  ;  0.  Sergeantti,  Norris,  and  0. 
argenteus,  Rice,  for  the  southern  fish.  But  it  is  best  to  bear 
in  mind  that  in  the  Smelt  we  find  a  range  of  color  from  light 
green  to  dark  green  upon  the  back,  and  dull  or  more  pol- 
ished silvery-sides,  with  or  without  a  roseate  tint  on  or 
above  the  lateral  line  ;  in  length,  a  range  from  fry  up  to 
ten  or  twelve  inches;  in  rays,  B.  7-8;  D.  lO'-ll  ;  P,  11- 
16;  V.  S-9  ;  A.  15-17;  C.  19-}-.  And  these  ranges  occur 
in  fish  from  each  and  every  pkica  wliich  claims  a  new  or  dif- 
ferent species. 
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European  S.melt. 

The  Smelt  of  Europe  was  known  very  early  in  France  as 
the  Eperlan.  To  this  name  Rondeletius  or  Rondelet  gave  a 
Latin  termination,  calling  it  eperlanus 

Willonghby  natued  it  Eperlanus  Ronddetii . 

Gronovins  changed  its  generic  termination  by  putting  it 
among  the  SalmonicUe,  in  the  genus  Salmo.  And  Linnieus 
transferred  Willoughby's  generic  term,  and  attached  it  to 
the  generic  name  of  Oronovius,  and  the  Smelt  became 
known  to  scientific  persons,  for  a  long  time,  as  Salmo  eper- 
lanus. Art.?di  then  instituted  the  genus  O-^merw),  and  Lace- 
pede  })laced  the  Smelt  in  this  genus,  as  0  eperlanus,  which 
name  it  holds  up  to  the  present  time.  Scientifically,  the 
name  would  be  Osmeri'.s,  (Arledi).  e'perlanus,  (Rondel.),  Lace- 
pede.  Other  names  have  been  given  it  by  persons  who  sup- 
posed they  were  describing  new  species  of  Smelts  ;  these  will 
appear  in  the  bibliography.  A  very  excellent  description  of 
the  European  Smelt,  or  Eperlan,  was  given  by  M.  Marc 
Elieser  Bloch  in  his  Ichtyologie,  Berlin,  1785. 

Very  little  has  been  added  to  the  description  of  the  Eper- 
lan since  tlien,  except  to  show  that  Bloch 's  two  species 
were  but  old  and  young  of  the  same  form.  I  give  his  des- 
cription, and  it  may  be  well  to  compare  it  carefully  with  the 
descriptions  already  given  of  the  American  forms.  I  Cjuote 
from  Castel's  edition  of  Bloch,  Paris,  1809,  Volume  VI, 
page  21>.* 

*  L'ErERLAN,  Salmo  eperlanus. 

On  reconnoit  ce  poisson  S  sa  machoire  iuferieure  qui  est  avaucee,  et  aux 
(lix-scpt  rayons  dc  la  iiagcoire  de  Tanus.  Ou  trouve  sept  rayons  a  la  mem- 
brane des  ouies,  onze  aux  nageoires  de  la  poitrine,  huit  a  ccUe  da  ventre, 
dix-neuf  a  celle  de  la  queue,  et  ouze  a  celle  du  dos. 

L.  Eperlan  a  le  corps  demi-transparent;  il  brille  d'un  vlf  eclat,  et  presente 
successivement  le  vert,  le  bleu  et  le  blanc  dent  il  est  erne.  Le  corps  est 
rond,  et  devient  plus  mince  en  avancant  vers  la  queue  et  vers  la  Ifte;  de 
sorte  qu'il  ressemble  asscz  Ti  un  fuseau.  La  iGte  est  petite,  et  finit  en  poiute 
emoussee.    Les  yeus  sont  grands  et  ronds,  la  prunelle  noire,  et  I'iris  argen- 
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''  The  Eperlan^  Salmo  Eperlanvs. 

Tliis  little  fish  mayLe  reco,2;nized  by  its  protruding  mandi- 
ble and  the  seventeen  rays  in  its  anal  fin.  The  other  rays 
a/eB.  Y  ;  P.  11  ;  V.  8;  D.  11  ;  C.  19. 

The  Eperlan  has  a  sciui-transparent  body,  which  shines 
with  great  brilliancy,  andpresents'successively  tints  of  green, 
blue  and  white,  with  which  it  is  adorned.  The  body  is 
round,  and  becomes  smaller  towards  the  head  and  the  tail, 
80  that  it  quite  resembles  a  spindle.  The  head  is  small,  and 
ends  bluntly.  The  eyes  are  large  and  round  ;  the  pupil 
black,  and  the  iris  silvery^,  shading  into  blue.  The  lower 
jaw  is  recurved  ;  the  upi^er  straight.  Both  arc,  as  well  as 
the  pahate,  provided  with  smali  inwardly  curving  teeth. 
Four  or  five  teeth  are  also  found  upon  the  tongue.  Its  body, 
which  is  generally  only  two  or  three  inches  long,  is  covered 
with  small  silvery  scales,  which  are  easily  detached.  This 
fish  is  so  transparent,  that  one  can  distinguish  in  the  head 
the  divisions  of  the  brain,  and  count  in  the  body  the  verte- 
bra3  and  the  ribs.  The  back  is  round  and  gray  ;  upon  the 
sides  there  is  a  silvery  depth,  upon  which  one  sees  a  change- 
ful mingling  of  green  and  blue  tints.     The  belly  is  round 


tin  tirant  sur  le  bleu.  La  machoire  iaferieure  est  recourbee  ;  la  suptrieurc 
est  droite.  Toutes  deux  sont,  ainsi  que  le  palais,  pourvues  de  petites  dents 
recourbees  en  dedans.  On  voit  aussi  quatre  a  cinq  dents  sur  la  lange. 
Son  corps,  qui  n'a  pas  ordinaireaient  plus  de  deux  on  trois  pouces  de  long, 
est  convert  d'ecailles  micces,  argeutines,  qui  se  detachent  aisement. 

Ce  poisson  est  si  transparent,  qu'on  peut  dislinguer  dans  la  tSte  les  par.ies 
du  cerveau,  et  compter  dans  le  corps  les  vertebrcs  ct  les  cotes.  Le  dos  est 
rond  et  gris;  sur  les  cotes,  il  a  un  fond  argentine,  sur  lequcl  on  voit  une 
couleur  changeante  vert  et  bleu,  ce  qui  forme  un  melange  cbangeant.  Le 
ventre  est  rond,  blanc  tirant  sur  le  rouge.  Si  la  couleur  qu'il  ofTre  aux  yeux 
est  agreable,  I'odeur  que  son  corps  exbale  ne  Test  point  du  tout.  Toutes  les 
nageoires  sont  grises ;  celle  de  la  queue  est  fourcbue.  La  nagcoire  adipeuse 
est  places  vis-a-vis  de  la  nageoire  de  I'anus,  et  la  dorsale  est  au  milieu  du 
corps.  *  *  *  Comme  la  cbair  de  ce  poisson  n'cst  pas  facile  fi,  digCrer) 
on  ne  sauroit  en  conseiller  I'usage  aux  personncs  foibles  et  valetudinaires. 
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and  white,  shading  into  red.  If  the  color  wliich  it  offers  to 
the  eye  is  agreeable,  the  odor  which  its  body  exhales  is  not 
so  at  all.  All  the  fins  arc  gray  ;  that  of  the  tail  is  forked. 
The  adipose  fin  is  placed  opposite  the  anal,  and  the  dorsal  is 
in  the  middle  of  the  body."  lie  adds,  a  little  further  on, 
"  as  the  iiesii  of  this  fish  is  not  easy  to  digest,  one  should 
not  advise  its  use  to  feeble  persons  or  valetudinarians." 
He  considers  this  a  fresh  water  fish,  and  separated  it  from 
the  sea  Epcrlan,  on  account  of  the  latter  being  a  sea  fish  ; 
its  larger  size,  being  from  ten  to  twelve  inches  in  length;  and 
its  stronger  odor.  They  have  since  been  found  to  be  but 
young  and  old  of  the  same  species. 

In  Kees'  Cyclopsdia,  1st  American  Edition,  Vol.  XXXII, 
Article  Sal  mo,  B,  eperlanus,  we  find  :  '^  Of  this  species  there 
appears  to  be  two  varieties,  one  not  exceeding  the  length  of 
three  or  four  inches  ;  tiie  other  arriving  at  the  general 
lejigth  of  six,  eight,  and  sometimes  even  to  twelve  or  thir- 
teen inches.  -"  *  *  The  skin  is  thin,  and  the 
whole  body — but  j)articularly  the  head— is  semi-transparent  ; 
the  coloi'  of  the  back  is  whitish,  with  a  cast  of  green,  be- 
neatli  which  it  is  varied  with  blue,  and  then  succeeds  the 
beautiful  silvery  gloss  of  the  abdomen.  *  "^  In  front 
of  the  upper  jaw  are  four  large  teeth."  M.  Valenciennes, 
in  Histoire  Naturelle  Des  Poissons,  Par  Cuvier  et  Valen- 
ciennes, Paris,  1848,  Tome  XXI,  page  272,  gives  the  rays 
as  follows  :   B.  8  ;  1).  11  ;  A.  16  ;  V.  8  ;  P.  11  ;  C.  25. 

At  page  27'J,  he  adds  :t  '''  The  color  of  the  Eperlan  varies 
according  to  the  depth.  Noel  de  la  Moriniere  has  already 
indicated  these  variations  in  color  in  his  little  Treatise  upon 

t  La  conlear  des  Eperlans  varie  suivautles  foads.  jSToel  de  la  Moriniere 
a  deji\  iudique  ccs  vavietes  de  couleur  duas  son  petit  "  Traiti  sur  I'Eperlan." 
Les  pecbeui-9  distingueut  I'Eperlan  blanc  et  le  vert. 

La  chair  dc  ceux-ci  est  maigre  et  de  mauvais  gout ;  ccpcndent,  I'Eperlan 
vert  du  Pont-ue-rArciie  est  d'une  excelleute  qualite. 
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the   Eperlan.     Fisliermen    distinguish,   the   white   and  the 
green  Eperlan.     The  flesh  of  the  white  is  poor  and  of  bad 
taste,  hut  the  green  Eperlan  of  the  Pont-de-rArche   is  of 
excellent  quality." 

Mr.  Yarrel,  in  the  British  Fishes,  London,  1859,  Volume 
I,  page  298^  gives  the  rays  as,  D.  11  ;  P.  11  ;  V.  8;  A. 
15;  C.  19. 

He  gives  the  color  of  the  upper  part  of  the  body  as,  '•  pale 
ash-green  ;  all  the  lower  parts,  cheeks  and  gill-covers,  bril- 
liant silvery-white,"  The  forms  of  the  European  Smelt, 
which  at  one  time  were  considered  to  represent  separate 
species,  have  thus  been  united  into  a  single  species,  0.  ejjer- 
lantbs,  with  a  range  of  color,  from  white  or  light  ash  to 
green,  upon  the  back  ;  more  or  less  brilliantly  silvered  sides 
and  abdomen  ;  with  or  without  more  or  less  of  a  blue  or 
roseate  blending  at  or  above  the  lateral  line  ;  rays,  B.  7-8  ; 
D.  11  ;  P.  11  ;  V.  8  ;  A.  15-17  ;  C.  19-25  ;  length,  fry  tcr 
thirteen  inches.  If  we  add  to  the  rays  those  of  the  fish  des- 
cribed by  Richardson,  Fauna  Boreali  Americana,  Part  III, 
page  185,  which  is  as  likely  to  be  a  European  as  an  Ameri- 
can form,  we  will  have  the  range  of  rays  :  B.  7-8  ;  D.  10- 
11 ;  P.  11-14  ;  V.  8  ;  A.  15-17  ;  C.  19-25. 

If  the  European  forms,  representing  such  ranges  in  color, 
rays  and  size,  are  to  be  considered  but  a  single  species,  it  is 
no  more  than  right  that  the  American  forms,  with  almost 
identical  ranges  of  color,  rays  and  size,  should  also  be  con- 
sidered but  a  single  species,,  and  that  the  differences  in  the 
head,  already  noticed,  are  due  to  local  causes,  and  are  of  not 
enough  importance  to  form  specific  features. 

But  in  contrasting  these  ranges  in  the  European  and 
American  forms,  we  are  led  to  the  conclusion  that  unless 
there  arc  greater  differences  than  geographical  differentia- 
tions^ such  as  have  formed  the  varieties  in  the  European  and 
American  fishes,  they  should  both  be  considered  but  one 
species.  A  difference  in  coloration  ought  not  to  separate 
them,  and  if  the  chief  difference  is  in  the  foreign  iish  having 
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narrower  jaws  and  a  mouth  capable  of  farther  vertical  dis- 
tention than  our  own  northern  form,  as  Mr.  Yarrel  claims, 
surely  the  Raritan  Smelt  ought  to  fill  the  bill  in  every  par- 
ticular. 

Guenther,  Cat.  Fishes,  YI,  pages  1G7-8,  has  summed  up 
the  differences,  and  all  that  can  be  given  scientifically,  when 
he  says,  already  quoted,  "scarcely  distinct  from  0.  cperlanus^ 
but  with  a  little  smaller  scales  ;  the  number  of  transverse 
series  above  the  lateral  line  being  sixty-six.  The  posterior 
mandibular  teeth  not  larger  than  the  anterior  ones.''  He 
makes  the  number  of  transverse  series  in  the  European  Smelt 
60-62,  and  says  that  the  posterior  mandibular  teeth  are 
larger  than  the  anterior  ones.  I  have  had  an  opportunity 
of  examining  six  specimens  of  Smelts  from  the  Liverpool 
Free  Museum,  genuine  0.  eperlani ;  and  also  Smelts  from 
all  along  the  Eastern  Coast  of  the  United  States. 

I  find  that  in  specimens  of  equal  size  of  the  two  forms,  the 
scales  from  the  same  positions  upon  the  body  are  either  of  the 
same  shape  and  size,  or  a  trifle  larger  in  the  American  fish. 
The  teeth  are  identical,  and  in  both  fish  the  posterior  man- 
dibular  teeth  are  scattered,  and  larger  than  the  anterior  ones. 

The  transverse  series  I  find  to  be  as  follows,  in  specimens 
from  different  parts  of  our  coast,  and  in  those  from  Liver- 
pool : 


American  forms. 

Liverpool. 

Eastport,                 65 

65 

Lake  Champlain,    65 

64 

Portland,                 64 

64 

Woods  Hole,           60 

63 

Earitan  Eiver,         62 

62 

Chesapeake  Bay,     62 

62 

The  fin  rays  in  the  specimens  from   Liverpool  were  D,  y  ; 
P.  11  ;  V.  8  ;  A.  15  ;  C.  19. 
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la  fact,  the  two  forms  were  so  similar  in  genci*al  appear-* 
ance  that  if  taken  from  the  same  basket  they  could  hardly 
fail  of  being  declared  the  same  fish. 

I  have  thus  hastil}'  and  incompletely  compared  the  two 
fishes,  and  have  endeavored  to  give  in  Fig,  8,  PL  Y,  an  ac- 
curate representation,  excepting  the  scale  series,  of  the  Rar- 
itan  river  form  of  the  Smelt. 

I  can  arrive  at  no  other  conclusion,  from  seeing  and  ex- 
amining both  forms,  and  from  knowing  the  differences  which 
geographical  distribution  brings  about,  than  that  arrived  at 
by  Mitchill  in  1818.  ''  It  is  beyond  a  doubt  the  Smelt  of  the 
European  naturalists."  To  it  then  justly  belongs  the  name 
of  Osmerus  (Artedi)  eperlanus,  (Rondelet),  Lacepede.  I  have 
accordingly  given  ifc  this  name  in  the  preceding  papers. 
If  it  is  ever  necessary  to  designate  tlie  two  forms,  the  Amer- 
ican form  can  be  called  0.  eperlanus  var.  vlrklescens. 


0- 


SYNO>^YMY  OF  THE  ATLANTIC  SMELT. 
(Osmerus  eperlaxus)  . 

A.     European  Form. 

Eperlanus — Rondelet,  Pars.  II,  page  196  ;  Belon,  De  Aquat. 
page  288  ;  Gesner,  Aquat.  page  362, 
Tbierb.  page  189;  Aldrov.  lY,  c.  12,  page 
536  ;  Jonston,  II,  c.  2,  t.  24,  f.  3  ;  Charlet 
Onom.  page  153,  n.  3;  Ray,  Synop.  page 
66,  n,  14. 

Eper.  Rondeletii — Willoughby,  page  202,  tab.  K.  6,  f.  4. 

Spirinchus — Jonston,  t.  47,  f.  6  ;  Schonov.  page  TO,  tab.  7. 

Salmo,  sp. — Gronovius,  Zoophy,  page  122,  n.  373,  Mus.  I. 
page  18,  n.  49. 

Salmo  eperlanus — Linn.  Sys.  Nat.  1,  page  511  ;  Ruysch. 
Theat.  page  78,  tab.  24,  figure  3  ;  Bloch. 
1,  page  179,  taf.  28,  figure  2  ;  Bl.  Schu. 
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page  410  ;  Donov.  Brit.  Fish.  II,  pi.  48  ; 

Turton,  B.  Fauna,  page  104  ;  Pall.  Zoog. 

Eoss.   As.  Ill,  page  386  ;    Gronov.   Sys. 

ed.  Gray,  page  152. 
Salmo  eperlanus  var.  mariniis — Walb.  Artedi,  III,  page  57. 
Salmo  eperlano-inarinus — Blooli.  Ber,  1785,  l,page  128,  taf. 

28.  f.  1. 
Salmo  albula — Wiilff.  Ichth.  page  37,  n.  47. 
Salmo  albula  and  eperlanus — Zueck.  Mat,  Alim.,  page  262. 
Trntta,  sp.— Klein,  Pise.  Mi.ss.  V,  page  20,  n.  12,  tab.  4, 

figures  2-4. 
Osraerus,  No.  1— Artedi,   Gen.,  page  10,  n.   1,  Syn.,  page 

21,  n,  1  ;  Spec,  page  45. 
Osmerus  eperlanus — Lacep.  V.,  page  22^  ;    Kicli.  F.  B.  A., 

1836,    III,    page   185;  Flem.  Brit.  An., 

page    181;    Jenyns,    Man,,    page    429; 

Yarrel,  2d  ed.  1859,  II,  page  129  ;  3d  ed. 

I,  page   295  ;  Cuv.  et  Val.  1848,    XXI, 

page   270,   pi.  620  ;   Gaentli.  Cat.  Fish. 

'66,  VI,  page  166. 

S.  (0).  spirinchus — Pall.  •  page  387. 

0.  spirinchus — Cuv.  et  Val.  XXI,  page  281. 

0.  microdon— Cuv.  efc  Val.  XXI,  page  280,  pi.  (;21. 

E.  vulgaris— Gairaard,  Voy.  Isl,  and  Grcenl.  Poiss.,  pi.  18, 

f.  2. 

B.     American  Form. 

Salmo  eperlanus — Mitchill,  Trans.  Lit.  and  Phil.  Soc,  N.Y. 

1815,    I,    page  435,    Amer.    Mon.    Mag. 

and    Crit.  Eeview,  New   York,  1818,  II, 

page  248. 
Osmerus  eperlanus — Smith.  Kat.  Hist.  Fish,  of  Mass.,  1833, 

page   147  ;  Rich.   Faun.   Bo.  Am.  1836, 

III,  page  185  ;  Storer.  Fish.  Mass.  1839, 

page  109. 
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Osraerus  viridescens — Lesueur,  Jour.  Acad.  Nat.  Sci.  Phil. 
1817,  1,  page  230;  DeKay,  Nat.  Hist. 
New  York,  Zoology,  Part  I,  page  243,  PI. 
143;  Storer,  Mem.  Amer.  Acad,  of  Arts  and 
Sci.,  new  series,  1846,  11,  page  450^  1857, 
VI,  page  327  ;  Cuv.  et  Val.  Hist,  des  Poiss. 
1848,  XXI,  page  283  ;  Jordan  and  Van 
Vleck,  Pop.  Key,  1874,  page  83. 

Osmerus,  sp.— Norris,  Proc.  Acad.  Nat.  Sci.  Phil.  18C1, 
page  58,  Amer.  Anglers'  Book,  Phil. 
1865,  page  263,  Fig. 

Osmerus  Sergeantti — Norris,  Amer.  Fish  Culture,  Phil 
1868,  page  202. 

Osmerus  mordax — Gill,  Proc.  Acad.  Nat.  Sci.  Phil.  1861, 
Appen.  page  53^  U.  S.  Fish.  Com'r's 
Eep.  1871-2,  page  810  ;  Md.  Fish  Com. 
Report,  1877  ;  Jordan,  Manual  of  "Verte- 
brates, 1876,  page  261. 

Very  respectfully, 

H.   J.  RICE. 


UPON   THE 

Development  of  the  Shad. 


Alosa  Sopidtssima  ('). 


FI.  J.  RICE,  B.  Sc.  ConsBhh, 

fellow  In  ^at.  ^ist.  {otins  §ophlns  Qd\y. 


Mr.  T.  B.  Feuguso??, 

Commissioner  of  Fisheries  State  of  Maryland. 

Sir  : — The  headquarters  of  the  Commission ,  for  the  pur- 
pose of  hatching  Shad  spawn,  had  been  established  (May, 
1877)  in  Carrot  cove,  on  the  Northeast  river,  just  across  the 
flats,  east  from  the  village  of  Havre  de  Grace,  Maryland. 
The  headquarters  consisted  of  two  large  covered  barges,  one 
of  which  served  as  a  lodging  house  for  the  men  employed  by 
the  Commission  in  manipulating  the  spawn  ;  the  other  as  an 
engine  house,  to  contain  the  machinery  used  in  working  the 
hatching  apparatn.s. 

Tliis  hatching  apparatus  consisted  of  a  series  of  cylindrical 
sheet-iron  buckets,  with  wire  seive  bottoms,  attached  to  arms 
worked  vertically  by  an  engine  situated  wnthin  the  barge. 
The  arms  were  in  sets,  one  upon  each  side  of  the  barge,  and 
extended  out  from  the  sides  of  the  barge  and  over  the  water, 
about  three  and  one-half  feet.  The  buckets  were  attached 
to  stringers,  connecting  the  over-hanging  arms,  in  one  or 
two  rows  on  each  side  the  barge,  and  as  close  together  as 
they  could  be  conveniently  fastened.  They  were  so  placed 
that  when  the  arms  were  raised  to  their  highest  point  the 
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bottoms  of  the  buckets  would  be  eight  or  nine  inches  below 
the  surface  of  the  water.  This  apparatus  is  for  use  in  quiet 
water,  or  where  there  is  not  sufficient  current  in  the  water  to 
raove  the  eggs  in  the  ordinary  floating  boxes.  In  other 
words,  it  enables  the  shad-hatcher  to  prosecute  his  work 
quite  independent  of  wind,  wave,  current  and  weather,  and 
hatch  his  spawn  at  all  times  during  the  spawning  season .  He 
is  not  obliged  to  seek  a  current,  but  can  make  a  current  for 
himself.  Shad  eggs  are  very  light,  and  for  their  best 
care  it  seems  to  be  necessary  to  keep  them  in  motion  while 
hatching.  When  they  are  placed  ia  the  buckets,  and  th° 
arms  worked  by  the  engine,  thus  alternately  raising  and 
lowering  the  buckets,  a  current  is  produced  through  the 
seive  portion  by  the  buckets,  which  keeps  the  eggs  constantly 
in  commotion.  The  men  attached  to  the  Commission  went 
each  evening  to  the  different  fisheries  along  the  shore  of  the 
bay,  and  gathered  the  spawn  and  milt  from  the  ripe  Shad,  as 
they  were  taken  by  the  fishermen  from  the  seines.  The  spawn 
was  manipulated  very  much,  as  already  described  for  the 
Smelt.  It  was  then  brought,  in  the  pans  in  which  it  was  col- 
lected, for  some  times  three  or  four  miles,  and  often  over  quite 
rough  water,  and  deposited  in  the  apparatus  just  described. 
Generally,  all  the  apparatus  was  filled  with  spawn  in  differ- 
ent stages  of  development.  These  buckets  were  the  reservoirs 
from  which  I  drew  my  working  material.  It  will  be  seen, 
that  from  the  hundreds  of  thousands  of  eggs  and  young  fry 
thus  presented,  a  fine  selection  could  be  made  for  study. 
This  was  the  case  with  the  exception  of  specimens  represent- 
ing the  changes  which  take  place  during  the  first  hour  or 
two,  or  while  the  eggs  were  being  brought  from  the  fisheries 
to  the  hatching  dishes. 

Of  these  changes  I  was  able  to  get  specimens  at  South 
Hadley  Falls,  Massachusetts,  in  July,  at  the  Hatching  Camp 
of  the  United  States  Fish  Commission,  through  the  kindness  of 
Deputy  United  States  Commissioner  of  Fisheries,  James  W. 
Milner. 
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A  room  in  the  sleeping  Large  was  kindly  allotted  to  my 
use.  This  was  very  soon  converted  into  a  miniature  scientific 
laboratory,  and  here  each  lot  of  ova  or  fry  was  taken,  examined 
under  the  microscope,  drawings  made  of  the  different  stages, 
and  then  the  specimens  were  ])laced  in  picric,  osraic,  or  chromic 
acid — sometimes  the  Fame  age  specimens  were  put  in  all  three 
—to  harden,  for  the  purpose  of  cutting  sections,  and  thus 
authenticating  the  work.  The  specimens  were  manipulated 
under  the  microscope  the  same  as  those  of  the  Smelt,  page  57, 
and  the  same  oculars  and  objectives  used. 

Shad  eggs  are  exceedingly  adaptable  to  the  use  of  the  em- 
bryologist,  on  account  of  their  convenient  size  and  great 
transparency.  After  ''rising"  they  become  about  one- 
eight  of  an  inch,  more  or  less,  in  diameter,  and  very  much 
like  round  clear  crystals.  Impregnation  seems  to  take  away 
even  that  opaqueness  which  existed  in  the  freshly  laid  egg, 
and  Avhat  is  of  much  more  importance,  the  vitelline  mem- 
brane does  not  become  opaque  afterwards,  so  that  every  pro- 
cess can  bo  seen  with  the  greatest  distinctness. 

Unimpregnated  Ovum. 

The  ovum  freshly  taken  from  the  Shad  consists  of  a  vitel- 
his,  composed  of  innumerable  large  and  small  oil  globules, 
embodied  iu  or  surrounded  by  a  matrix  of  granular,  some- 
what opaque,  plasma,  enclosed  by  a  delicate^  nearly  hyaline, 
membrane,  which  at  first  closely  embraces  the  vitellus,  and 
which  is  folded  and  wrinkled  in  all  directions.  Fig.  1,  PI. 
VI.  In  the  great  majority  of  the  unimpregnated  ova,  this 
vitelline  membrane]  remains  Avrinkled  and  folded  closely 
about  the  vitellus,  and  even  when  placed  in  Avater,  the  ab- 
sorption is  so  slight  that  the  membrane  is  barely  raised  from 
the  periphery  of  the]^vitellus,  and  very  few  of  the  foldings 
become  obliterated.     In  some,  the  absorption  is  partial,  Fig. 
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2,  PL  VI;  and  in  about  ten  per  cent,*  or  less,  of  nn- 
irapregnated  ova,  the  absorption  of  water  is  complete,  and 
the  vitelline  membrane  becomes  completely  distended.  The 
increase  in  diameter  of  the  ova  by  this  absorption  of  water, 
and  distention  of  the  membrane,  is  about  one-half  of  the 
fully  distended  ova,  in  some  cases  not  quite  as  much  as  this. 
Shortly  after  the  distention  of  the  vitelline  membrane,  and 
sometimes^  even  when  the  ovum  is  as  represented  in  Fig.  2, 
PI.  YI,  the  vitellus,  which  is  floating  free  in  the  centre  of 
the  ovum,  becomes  changed  somewhat  upon  one  side.  A 
gathering  together  of  the  oil-globules  upon  this  side,  and  a 
change  of  their  form  takes  place.  The  globules  are  drawn 
out  into  somewhat  pear-shaped  bodies,  with  the  smaller  ends 
directed  towards  a  common  centre,  Fig.  3,  PI.  YI,  and 
over  this  common  centre  a  prominence^  or  limb,  arises, 
which  protrudes  for  quite  a  little  distance  from  the  vitellus, 
Fig.  5,  PL  YI. 

This  limb  is  composed  almost  entirely  of  granular  sub- 
stance, with  a  few  small  oil-globules  in  the  base,  and  is  a 
shade  or  two  less  translucent  than  the  rest  of  the  vitellus, 
having  acfj[uired  apparently  a  tint  of  brownish  yellow.  In 
those  ova  which  remain  only  partially  distended,  no  limb  is 
formed.  The  contour  line  of  the  vitellus  is  unbroken  during 
this  entire  period,  or  at  any  other  period  during  the  life  of 
the  ovum,  by  any  glomeration  from  the  surface  or  the  product- 
ion of  any  direction  cells  from  the  blastoderm.  The  ovum 
will  often  remain  in  this  stage  of  difierentiatiou  for  a  day  or 

*Mr.  C.  G.  Atkins,  -who  was  iu  attendance  at  the  Hatching  Camp  of  the 
United  States  Fish  Commission,  at  Sauth  Hadlcy  Falls,  Massachusetts,  during 
the  past  summer,  sends  me  the  following  schedule  of  observations  made  by 
him  upon  this  point  : 

Date.  No.  of  Eggs.  Xo.  swollen.         Percentage. 

July        11 306 6 03 

19 300 35 11 

81 103 9 09 

August   10 small  number 0 00 
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more,  when  it  becomes  gradually  opaque  and  disintegrates. 
During  this  period  of  disintegration,  masses,  larger  or 
smaller,  will  protrude  from  the  surface  of  the  vitellus,  and 
oftentimes  of  very  fantastic  shape.  Fig.  10,  PL  VI.  The 
remainder  of  the  vitellus,  during  this  early  limbed  condi- 
tion, remains  very  much  as  in  those  ova  Avhich  show  no 
"rising"  phase;  i.  e.,  with  oil-globules  scattered  through- 
out a  granular  matrix.  The  unimpregnated  ova  which  do 
not  swell  at  all,  and  those  which  partially  swell,  but  in 
which  no  ''  limb  "  is  formed,  disintegrate  much  more  rapidly 
than  those  which  pass  through  the  "limbed"  condition. 
In  their  disintegration  there  is  a  certain  amount  of  glomer- 
ation,  but  this  is  not  as  distinct  as  in  the  others,  on  account  of 
the  closely  investing  vitelline  membrane.  The  vitelline  mem- 
brane has  no  micropyle,  and  is  apparentlij  without  pores. 

Impregnated  Ovum. 

The  most  noticeable  difference,  to  the  eye,  between  a  pan 
of  impregnated  and  one  of  unimpregnated  ova,  is  in  the 
very  much  greater  proportion  of  swollen  eggs  in  the  pan  to 
which  milt  has  been  added.  This  is  not  so  noticeable,  un- 
less the  impregnation  has  boon  performed  by  the  dry 
method.  This  has  a  certain  limit,  to  be  sure,  since  the 
eggs  are  quite  a  little  lime  in  absorbing  water,  and  if  the  ova 
are  placed  in  water  as  soon  as  stripped  from  the  fish,  and 
within  half  a  minute  afterward  the  milt  is  added,  the  result 
will  be  pretty  satisfactory.  But  the  best  results  will  be 
reached  when  the  ova  and  milt  are  placed  in  the  water 
simultaneously.  The  first  changes  which  take  place  in  the 
impregnated  ova  are  similar  to  those  already  described  in 
the  swollen  unimpregnated  egg.  First,  a  slight  swelling 
out  or  distension  of  the  vitelline  membrane;  then,  while 
the  distension  proceeds,  a  gathering  together  of  the  globules 
to  one  side  of  the  vitellus^  and  a  drawing  up  of  the  granular 
plasma  into  a  "  limb  "  or  blastodermic  protuberance.     Figa. 
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2,  3  and  5,  PI.  VI.  This  protuberance  is  longer  in  one  di- 
rection than  in  the  other,  its  outline  marking  an  oval  upon 
the  surface  of  the  vitellus.  Soon,  at  the  shorter  diameter  of 
the  "  limb,"  a  very  slight  line  of  crinkling  of  the  tissue  can 
be  seen  upon  the  surfac3,  extending  from  one  side  to  the 
other,  Fig.  4,  PL  VI.  Tiie  crinkled  appearance  very  soon 
passes  away,  and  the  tissue  beneath  becomes  depressed  into 
a  sharply  defined  groove,  which  extends  to  near  the  base  of 
the  ''limb."  and  divides  it  into  two  nearly  equal  hemis- 
pherical lobes,  Fig.  6,  PI.  VI. 

As  soon  as  the  groove,  or  segmentation  fui'row,  has  at- 
tained its  greatest  depth,  it  begins  to  close  again,  until  it  is 
only  about  half  its  former  depth,  in  which  condition  it 
remains. 

A  second  faint  line  of  crinkling  of  the  tissue  can  now  bo 
seen  along  the  centre  of  the  "  limb  "  at  right  angles  to  the 
first  segmentation  furrow,  Fig.  G,  PL  VI. 

This  crinkling  appearance  soon  disappears,  as  in  the  first 
case,  and  a  second  segmentation  furrow  is  formed,  dividing 
the  "limb"  into  four  rather  obtuse  papilla?.  From  this 
time  forward  there  is  no  regularity  in  the  number  of  the  seg- 
mentation furrows,  or  in  the  segmentation  of  the  papilhia 
upon  different  portions  of  the  ''  limb."  Sometimes,  one  of 
the  four  segmental  papillfe  already  formed  will  divide  and 
form  two  complete  papillaa,  before  there  are  any  signs  of 
division  in  the  remaining  three.  We  thus  have  a  form  with 
an  odd  number  of  papillce,  Fig.  7,  PL  VI.  Sometimes 
this  segmentation  will  extend  to  one  pair  of  papillae,  and 
after  they  arc  segmented  and  nearly  ready  to  segment  a 
second  time,  the  other  pair  or  pairs  will  segment.  Although 
the  segmentation,  as  thus  seen,  is  not  a  regular  system  of 
bilateral  coincident  divisions  of  the  four  original  papillas, 
and  of  the  new  divisions  in  their  turn,  since  an  odd  number 
of  divisions  is  perhaps  as  often  seen  as  an  even  number,  yet 
this  segmentation  is  always  accompanied  by  the  faint  crink- 
ling lino  of  depression  io  tho  tissue  ;  the  disappearance  of 
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the  crinkled  marking  ;  the  deepening  of  the  depression,  and 
consequent  complete  division  of  the  parts  ;  and  the  partial 
filling  up  of  the  furrow  before  a  new  one  is  formed.  The 
segmentation  continues  in  this  irregular  way,  until  the  en- 
tire '^  limb  "  has  become  transformed  into  a  great  number  of 
small  rounded  prominences  upon  one  side  of  the  vitellus. 
The  ovum  is  now  in  what  is  known  as  the  ''mulberry" 
stage,  Fig.  8,  PI.  YI. 

Segmentation  does  not  stop  here,  but  continues  until  the 
side  of  the  ovum  upon  which  the  limb  was  situated^  has  as- 
sumed nearly  its  original  granular  appearance,  and  is  a 
little  darker  in  color,  because  denser  than  the  rest  of  the 
vitellus.  The  segmentation  also  extends  outward  from  this 
granular  portion,  and  affects  the  contiguous  peripheral  por- 
tion of  the  vitellus,  until  we  fi.nd  the  blastoderm,  as  this 
portion  can  now  very  properly  be  called,  occupying  quite  a 
good  portion  of  the  moiety  of  the  surface  of  the  vitellus. 
The  segmentation  has  taken  place  more  in  one  axis  than  in 
the  other,  and  so  we  find  the  blastoderm  oval  in  outline^  but 
very  much  more  so  in  proportion  than  was  the  original 
"limb."  A  depression  now  takes  place  along  the  longer 
axis  of  the  blastoderm.  Fig.  9,  PI.  VI,  until  the  blastoderm 
is  divided  into  two  nearly  equal  parts,  much  as  was  the 
"  limb  "  at  first,  except  that  these  last  divisions  do  not  form 
semi-circular,  but  very  long,  oval  lobes.  These  lobes  be- 
come thinner  along  the  periphery,  and  are  gradually  trans- 
formed into  the  laminte,  which,  by  their  folding  inward  and 
union  along  the  median  line,  form  che  neural  canal,  already 
mentioned  in  connection  with  the  Smelt,  page  G3.  The 
union  of  the  larainas  along  the  entire  median  line  takes 
place  very  soon  in  the  Shad, 

The  outlines  of  the  enclosed  neural  canal  are  plainly 
visible,  making  a  complete  circuit  of  the  embryo. 

At  one  end  of  the   canal   three   expansions   take  place 
which  are  the  three  cerebral  vesicles,  and  along  the  middle 
of  tho  embryo  two  or  three  pairs  of  proto-vcrtabra^  are  seen 
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forming   from   the  sides  of  the  canal .     The   canal  is  lined 
throughout  by  a  layer  of  exoderm,  which  has  been  folded  in 
by  the  closing  of  the  lamina?,  and  by  the  differentiation  of 
the  portions  of  exoderm  forming  the  three  cerebral  vesicles 
the   brain   is   formed,    and   by   the    differentiation    of    the 
exoderm   lining   the   rest  of  the   canal^  the   spinal  cord  is 
formed.     The  further  transformations  in  the  Shad  are  simil ar, 
with  the  exception  of  the  time  occupied  in  the  transform- 
ations, to  those  of  the  embryo  Smelt,  which  have  already 
been  described,  so  I  will  proceed  no  further  in  describing 
the  embryology  of  the  Shad,  except  to  give  the  time  at  which 
the   different  transformations  take  place.     Within  half  an 
hour  after  being  placed  in  water  the  ova  are  fully  distended, 
and  within  an  hour  the  great  majority  of  them  have  passed 
through  the  various  stages  up  to  that  figured  in  Fig.  6,  PI. 
VI^  where  the  "limb"  is   completely  dirided  by  the  first 
segmentation   furrow  into  two  nearly  equal  protuberances. 
During  the  next  hour  or  two  the  segmentation  progresses 
until  the  'Mimb"  has  become  divided  into  quite  a  number  of 
prominent   papillro.     In   about   four   hours   it  has  reached 
the  ''  mulberry  "  stage  ;  and  in  five  to  six  hours  the  lamellaj 
stage,  represented  in  Fig.   9,  PL  VI,  is  reached.     At  ten 
hours  the  laminas  have  united,  and  the  embryo  appears  as  a 
darkish  band,  streaking  the  longer  axis  of  the  blastoderm. 
At  twelve   hours   the   head  end  is  indicated   by   becoming 
slightly  broader  than  the  other.     At  fifteen  hours  the  cere- 
bral vesicles,  and  a  few  pairs  of  proto-vertabra?,  can  be  seen. 
At  sixteen  to   eighteen  hours  the  proto-vertabrfe  are  quite 
numerous,  and  the  eyes  are  indicated  by  circular  markings  on 
the  lateral  walls  of  the  middle  cerebral  vesicle.     In  twenty 
two  hours  the  brain  is  quite  plainly  outlined  ;  the  ear  has 
become  depressed  ;  the  exoderm  is  pressing  in  the  eye  sack 
to  form  the  crystalline  lens  ;  the  nasal  pouch  is  indicated  by 
a  round  disk-like  marking  ;  and  a  tract  of  tissue  material  in 
the  anterior  region,  between  the  embryo  and  yolk,  intimates 
the  heart.    At  twenty-threo  hours  the  crystalline  lena  is  more 
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enclosed  ;  the  proto-vcrtabrrie  Dumerous  and  distinct ;  and 
the  heart  tubular,  and  beginning  to  pulsate.  At  tliirty-eight 
hours  the  cercbellic  fold  of  the  brain  is  vcr}'  distinct  ;  the 
crystalline  lens  has  beconie  comjjletely  enclosed,  but  the  eye, 
as  yet,  has  acquired  no  pigment  granules  ;  the  ear  is  begin- 
ninc:  to  close  ;  and  the  branchial  fis.surcs  arc  forming.  At 
sixty-two  hours  the  mouth  has  opened  ;  the  semi-circular 
canals  of  the  ear  have  formed,  and  the  ear  has  closed  exter- 
nally ;  and  the  pectoral  fins  have  formed  to  a  certain  extent 
About  this  time,  or  during  the  third  day,  the  young  fry 
begin  to  hatch  from  the  ova.  At  sixty-nine  hours  the  visce- 
ral arches  are  formed,  but  with  no  vessels  in  them  ;  the  oper- 
culum is  growing  backward,  toward  and  over  the  first  arch  ; 
the  pectoral  fins  are  quite  prominent  ;  and  tlie  heart  has 
become  abi-lobed  affair,  with  the  two  lobes  nearly  in  the  same 
horizontal  plane,  tlie  auricle  on  the  left  side  of  the  embryo, 
the  ventricle  on  the  right,  and  the  only  evidence  now  of  a 
cavity  is  a  small  connecting  vacuole  in  the  centre  of  their 
abutting  sides.  At  eighty-eight  hours  everything  is  more 
mature  ;  the  yolk-sack  is  somewhat  absorbed  ;  and  the  heart 
has  assumed  its  mature  position,  with  the  auricle  upon  the 
dorsal  side  of  the  ventricle.  During  the  fourth  day  the  first 
circulation,  through  the  first  and  second  branchial  aorti^,  is 
( stablishcd  ;  and  during  the  fifth  day  vessels  are  formed,  and 
blood  flows  through  all  the  visceral  arches.  By  the  seventh 
or  eighth  days  the  vessels  in  the  body  are  formed,  and  we 
have  a  complete  systemic  circulation.  In  speaking  of  the 
omphalo-meseraic  arteries,  page  75,  I  mentioned  the  Shad  as 
having  only  one.  This  is  perhaps  not  strictly  true,  since  the 
large  artery  whicli  is  given  off  above  the  vitellus  passes 
along  the  upper  side  of  the  intestine,  returns  along  its 
lower  side,  passes  along  the  dorsal  side  of  the  yolk,  without 
giving  off  any  branches  to  it,  and  goes  directly  to  the  heart. 
Although  it  is  not  what  an  omphalo-meseraic  artery  is  gen- 
erally considered  to  be,  that  is,  one  which  sends  ramifying 
branches  over  the  entire  surface  of  the  yolk,  yet  it,  without 
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doubt,  perforras  the  functions  of  pucli  an  arter}'  by  abstract- 
ing the  food-material  from  the  yolk  in  passing  over  it  ;  the 
food-materials  undoubtedly  being  drawn  for  this  purpose,  by 
osmosis  from  cell  to  cell,  into  the  upper  portion  of  the  yolk, 
and  in  contact  with  the  vessel.  The  unimpregnated  ova  are 
not  by  any  means  the  only  ones  which  disintegrate  and  die. 
Too  many,  by  far,  of  tlie  impregnated  ova  are  guilty  of  the 
same  performance,  and  exhibit  in  their  disintegration  all 
those  curious  irregular  phases,  one  of  which  is  represented  in 
Fig.  10,  PL  YI.  Sometimes,  instead  of  there  being  a  great 
many  ball-like  protrusions,  there  is  a  single  round  ball, 
nearly  as  large  as  the  vitellus  ;  the  vitellus  and  the  ball 
looking  very  much  like  the  two  ends  of  a  large  dumb-bell, 
without  any  connecting  handle.  Oftentimes,  after  the 
embryo  has  progressed  quite  a  little  in  its  development,  one 
or  both  ends  will  turn  opaque,  and  gradually  disintegrate. 
Sometimes  ball-like  protrusions  proceed  from  the  disintegra- 
ting portions,  sometimes  the  disintegrating  portions  form 
floculent  masses,  floating  out  from  tlie  vitellus  towards  the 
vitelline  membrane. 

I  have  said  that  at  Carrot  cove,  in  the  Chesapeake  bay,  the 
spawn  was  often  brought  for  three  or  four  miles  across  the  bay, 
and  often  over  very  rough  water.  The  rolling  and  pitching 
of  the  boat  upon  the  waves,  and  tlie  consequent  knocking 
together  of  the  ova,  without  doubt,  had  a  very  injurious 
effect  upon  them.  If  the  ova  in  the  boxes  are  subjected  to  a 
severe  storm,  or  if  the  ova  are  roughly  pressed  upon,  in 
manipulating  them,  the  loss  is  much  greater  than  with  ova 
treated  very  gently,  and  kept  in  a  steady,  yet  not  violent, 
current  of  water,  away  from  the  reach  of  boisterous  waves  and 
severe  rains. 

If  rough  handling  and  severe  peltings  will  injure  the  ova, 
why  will  not  rolling  and  tumbling  in  a  boat  over  a  stormy 
sea?  It  is  very  possible,  if  not  highly  probable,  that  this 
cartage  in  boats,  particularly  in  rough  v»-ater,  may  be  the 
chief  cause  of  this  disintegration  in  the  advanced  as  well  as 
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the  frcshl.v  spawned  ova.  It  is  olso  highly  probable  that  the 
methods  of  manipulation  may  have  much  to  do  with  it. 
Often  quite  a  time  elapses,  especially  when  following  the  gill 
nets,  between  the  spawning  of  the  ova  and  the  shedding  of 
the  milt  upon  them.  At  such  times  the  manipulation  must 
almost  necessarily  bo  imperfect.  It  is,  therefore,  very  c^ues- 
tionable  whether  it  would  not  be  better  upon  the  whole  to 
carry  all  ripe  fish  from  the  nets,  especially  the  gill-nets,  to 
the  hatching  barges,  Itefore  spawning  or  milting.  This 
might  involve  tlie  purchase  of  a  large  number  of  fish,  but  if 
by  this  means  the  irregular  results,  which  so  often  follow  the 
cartage  of  the  spawn,  could  be  avoided^  aud  the  number  of 
young  fry  hatched  from  the  ova  be  relied  upon  as  being  from 
ninety-five  to  ninety-eight  per  cent,  of  the  whole  amount  of 
ova,  instead  of  as  now  varying  from  fifty  up  to  one 
hundred  per  cent.,  it  would  be  much  more  profitable.  Once 
at  the  hatching-house,  the  spawn  could  be  taken  care  of  in 
the  most  approved  numuer,  and  records  kept,  which  would 
enable  one  to  work  with  much  more  assurance  that  the  irreg- 
ularities would  be  eliminated.  It  has  been  by  the  patient 
and  gradual  working  out  of  those  things  unfavorable  to  the 
development  of  Shad  ova,  that  Shad  hatching  owes  its 
present  success.  It  took  a  longer  time  to  attain  comparative 
success  with  the  Shad  than  witli  the  Trout,  c'C'c,  on  account 
of  the  delicacy  and  lightness  of  the  Shad  ova  ;  and  if  the 
Commission  can,  at  some  expense  and  a  little  pains,  do  away 
with  the  irregularity  in  the  percentage  of  hatched  fry,  and 
yet  hold  to  their  other  methods,  they  will  have  added  just  so 
much  towards  the  literature  of  the  Shad  Hatchers'  Manual, 
and  their  own  success  as  Shad  propagators. 

The  remaining  subject  to  be  spoken  of  is  in  regard  to  the 
temperature  of  the  water.  The  development  mentioned  in  this 
paper  took  place  in  water  of  a  temperature  from  seventy-three 
to  seventy-six  degrees.  In  water  of  such  a  temper- 
ature the  young  Shad  will,  as  already  mentioned,  hatch  out 
during  the  third  day.     If  the  temperature  of  the    water  be 
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increased  four  or  five  degrees^  or  to  about  eighty  degrees,  tho 
young  fisli  will  liatcli  out  in  about  forty-eight  hours.  This 
holds  good  for  spawn  taken  when  the  water  is  about  seventy- 
four  or  seventy-five  degrees  in  temperature  T3ut  when  the 
water  gets  so  warm  that  its  mean  temperature  is  eighty 
degrees  or  over,  we  begin  to  find  the  female  Shad  full  of 
what  is  called  "  rotten  spawn,"  with  which  nothing  can  be 
done.  The  warm  water  seems  to  have  the  effect  of  killing 
the  spawn  in  the  ovaries  of  the  female,  before  she  has  reached 
her  spawning  ground  on  her  journey  from  the  sea.  Conse- 
quently, in  Shad  working,  the  run  offish  during  such  warm 
spells  are  worthless,  so  far  as  propagation  is  concerned^  and 
the  Shad-hatcher  has  to  wait  until  the  water  moderates  in 
temperature,  and  anew  immigration  of  Shad,  fresh  run  from 
the  colder  water  of  the  occan_,  takes  place.  The  only  alter- 
native, to  waiting  for  these  spells  of  warm  water  temper- 
ature to  pass,  and  for  the  influx  of  new  schools  of  Shad,  is  to 
begin  operations  earlier  in  the  season  ;  take  such  females  as 
have  matured  early  ;.be  a  little  longer  in  hatching  out  the 
young  fry,  getting  by  this  means  a  hardier  lot,  of  course  ; 
and  extending  operations  until  the  increase  in  temperature 
of  the  water  brings  the  females  which  have  bad  spawn. 

Very  respectfully, 

H.  J.  EICE. 
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Acad.    Collectiox   signilics    that    specimens   are   in    the 
Maryland  Academy  of  Sciences. 

Fins. — D.  iJorsal,  i.  e.,  on  tlio  back;    sometimes  two  in 
number. 

P.  Pectoral  ;  attached  behind  the  gill-covers. 

V.  Ventral  ;  attached  to  the  lower  side  in  front. 

A.  Anal  ;  attached  to  the  belly  near  the  vent. 

C.  Caudal  ;  the  tail  fin. 
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Baltimore,  January  \st,  1878. 
Maj.  T.  B.  Fergusox, 

Commissioner  of  Fisheries  of  Maryland  : 
Dear  Sir  : 

During  ray  last  visit  to  the  sea-coast  of  Worcester  county, 
Md  ,  to  obtain  specimens  of  fish  for  the  Maryland  Academy 
of  Sciences  and  tlie  Museum  of  Druid  Hill  Park,  I  had  the 
pleasure  to  observe  a  "run"  of  Blue-fish  (Pomatomus  sal- 
talrix).  Those  that  go  to  the  sea-side  towards  the  end  of 
October  for  the  purpose  of  shooting  the  numerous  different 
kinds  of  water-fowls,  have  probably  seen  this  phenomenon, 
and  will  pronounce  it  a  sight  Avell  worth  seeing,  and  one 
not  easily  forgotten  by  the  lover  of  nature.     . 

Towards  the  middle  of  October  the  fishermen  have  en- 
gaged an  extra  crew,  and  luive  all  the  seines  ready  to  be 
used  on  short  notice.  The  northern  horizon  is  closely 
watched  for  indications  of  this  precious  fish  ;  one,  and  the 
most  noticeable,  of  which  is  the  presence  of  large  numbers 
of  the  different  kinds  of  gulls  that  hover  over  the  fish,  mov- 
ing southward.  Instead  of  following  their  usual  mode  of 
flight,  the  sea-gulls  gather  in  compact  masses  over  the  fish, 
darting  down  continuously  and  striking  at  their  prey.  About 
the  middle  of  the  month  the  seines  are  thrown  out,  to  make 
a  trial  for  Blue-fish  ;  but  only  the  smaller  sizes,  varying 
from  eiglit  to  twclv,^  inches,  are  caught.  They  are  fish  that 
had  remained  in  the  neighborhood  through  the  summer. 
At  last,  the  desired  moment  arrives.  Far  away  northward 
the  ocean  has  changed  its  usual  aspect,  and  it  is  evident  that 
large  shoals  of  fish  arc  moving  towards  the  station.  Every 
one  rushes  to  the  boat,  and  the  long  seines  are  soon  in  posi- 
tion. The  fish  come  nearer  and  nearer,  much  too  slowly, 
however,  for  the  old  fishermen  yonder,  whom  old  ago  has 
prevented  from  entering  the  boat.  He  looks  at  the  moving 
shoals  in  a  rather  suspicious  manner ;  the  excitement  his 
face  showed  but  a  few  moments  ago  gradually  disappears  ; 
an  expression  of  extreme  disgust  only  too  plainly  takes  its 
place,  and  with  a  vigorous    kick  in  the  yielding  sand,  h(j 
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turns  around,  expressing  himself  with  an  emphasis  and 
clearness  more  forcible  than  polite:  ^'- Old  Wife-s."  Yes, 
those  living  masses  of  fishes  are  nothing  but  the  Ale-wifes 
{Dorosoma  cejyedianum).  Though  of  considerable  value  on 
account  of  their  large  size,  they  are  certainly  not  the  long- 
expected  game,  and  are,  therefore,  not  molested.  These  so- 
called  "Eastern  Ale-wifes/''  thus  named  because  they 
attained  their  full  growth  along  the  coasts  of  the  New  Eng- 
land States,  are  now  migrating  southwards,  and  are  the 
sure  fore-runner  of  the  Blue-fish.  At  last  they  come  ;  the 
whole  water  is  boiling  and  foaming  with  them,  as  they  ad- 
vance. Sea-trouts,  Old-wifes,  and  other  fish,  in  their  anx- 
iety to  escape  their  merciless  foes,  run  entirely  out  of  the 
water,  covering  the  Avhole  beach  with  their  shining  and 
quivering  bodies.  Unable  to  reach  their  native  element 
again,  they  die  in  uncounted  numbers — many  of  them  more 
or  less  mutilated  by  their  cruel  pursuers,  some  having  lost 
their  tail,  others  their  head,  and  others  the  half  of  their 
bodies. 

In  a  few  short  hours,  sometimes  even  much  less,  one 
"run"  of  Blue-fish  has  passed.  Others  follow  in  shorter 
or  longer  intervals,  and  if  they  do  not  escape  unnoticed  dur- 
ing the  night;  or  are  not  too  far  away  from  the  shore  to  be 
seen  by  the  fishermen,  these  people  harvest  a  well-paying 
crop,  though  a  very  laborious  one  to  gather.  October  17th, 
October  25th,  November  7th,  are  the  dates  on  which,  during 
the  last  three  years,  the  first  "run"  of  Blue-fish  passed 
Ocean  City.  The  average  weight  of  one  of  these  fi.sh  is 
about  14  lbs. 

ISTany  forms  of  fish  were  obtained  during  these  trips ; 
most  of  them  were  well-known  species,  already  in  tlie  collec- 
tion ;  others  were  known  to  occur  in  our  waters,  but  of  which 
no  specimens  had  so  far  been  preserved,  while  a  few  were 
entirely  new  to  the  collection.     The  following  list  contains 

their  description. 

Yours  very  respectfully, 

UTTO  LUGGER. 


in 

Xlla— GADIDIE. 

PHYCIS,  Kaf. 
P.  tenuis, 

Ths  Slender  Cod.    ■ 

The  body  of  tLis  lisli  is  moderiite  in  length,  and  is  covered 
with  small  scales.  Eyes  of  moderate  size.  Mouth  and  palate 
furnished  witli  small  sharp  teeth  ;  those  on  the  vomer  in  an 
anf2;ular  hand.  Tongue  smooth.  Beneath  the  chin  a  small 
barbel.  Vent  nearer  the  head,  tail  rounded.  Lateral  line 
curved  upward.  The  fins  are  enveloped  in  a  loose  skin  ;  it 
has  two  dorsal  fins,  the  anterior  composed  o|  11  rays;  the 
ventrals  are  reduced  to  a  single  long  ray,  bifid  at  its  end. 
,  The  throat  is  internallj  streaked  with  red  and  purple.  Back 
and  sides  brown,  lighter  below.  Fins  dark  brown  except  the 
ventrals,  which  are  whitish  with  red  extremities.  Length,  15 
inches. 

Fin-rays  :— D.  11,  54 ;  Y.  1  ;  P.  1(3 ;  A.  41  ;  C.  25. 

Pkycis  tenuis,  Mitchel. 

A  single  specimen  of  this  iish  was  caught  in  early  Novem- 
ber near  Ocean  city,  but  being  kept  too  long  by  the  fisherman 
as  a  curiosity,  it  was  impossible  to  preserve  it  in  the  collec- 
tion. 

xxviii-sciffiNiDa;. 

OTOLITHUS. 
O.  not  hits. 

The  Bastard  Trout. 

The  height  of  the  body  is  4^  in  the  total  length,  the  length 
of  the  head  3t  The  form  of  this  OloUlhus  difiers  from  that  of 
the  Cynoscion  regalis  (our  common  sea-trout,)  in  being  shorter 
and  thicker  in  proportion,  and  more  arched  along  the  back  ; 
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the  head,  too,  is  Braaller,  the  snout  shorter,  and  the 
lower  jaw  more  pointed.  The  eye  is  very  large,  and  is  less 
than  its  diameter  from  the  snout.  The  nostrils  are  double ; 
the  posterior  is  larger,  oval,  elongated,  nearly  vortical,  and 
on  a  plane  rather  below  the  upper  margin  of  the  eye,  and  at 
the  anterior  extremity  of  the  supra-orbital  ridge  ;  the  anterior 
is  circular,  and  very  near  the  posterior.  The  mouth  is  large, 
with  thin  lips  ;  the  upper  jaw  is  very  protractile,  and  armed 
with  a  double  series  of  small,  conical,  pointed  teeth  ;  in  front, 
and  between  these  rows,  but  belonging  to  neither,  though 
nearest  the  posterior,  are  two  large  canine  teeth,  conical, 
pointed,  recurved  and  directed  backwards.  The  lower  jaw 
has  a  double  series  of  minute,  pointed  teeth  in  front,  while 
behind  there  is  only  a  single  row,  and  the  teeth  are  larger. 
The  tongue  is  large,  ilat,  rounded  and  free  in  front.  The 
preopercio  is  rounded  at  its  angle,  with  a  crenated  margin. 
The  opercle  terminates  in  two  minute,  flattened  points.  The 
anterior  dorsal  fin  begins  behind  the  root  of  the  pectoral,  and 
has  eight  spinous  rays,  received  in  a  sheath  ;  the  second  and 
third  being  longest.  The  posterior  has  one  spinous  and  28 
soft  rays;  the  first  very  sliort  and  closely  joined  to  the  second; 
the  scales  ascend  high  up  on  its  roots,  and  make  a  partial 
sheath.  The  pectoral  is  small,  arising  at  the  termination  of 
the  opercle.  The  ventral  is  short,  but  tolerably  broad.  The 
anal  is  short  ;  it  has  one  delicate  spinous  and  nine  soft  rays. 
The  caudal  is  moderately  broad,  nearly  straight  behind.  The 
lateral  line  runs  along  the  upper  fourth  of  the  body  as  far  as 
the  second  dorsal,  where  it  curves  down  to  the  median  plane, 
and  continues  to  the  end.  The  whole  animal  is  silvery  white 
except  the  fins,  which  are  more  or  less  yell>:>wish  ;  the  pupil 
is  deep  blue,  and  the  iris  golden  gray.  Total  length,  12 
inches. 
Fin-rays  :— D.  8,  i,  25  ;  P.  IG  ;  V.  1,  5  ;  A.  1,  9  ;  0.  18. 
0.  nothus,  Holbr.  Ichth.  S.  Oar.,  p.  131,  pi.  19,  fig.  1. 

This  is  an  uncommon  fish,  that  belongs  to  the  southern 
Avaters.     Two  specimens  were  taken  with  hook  and  line  in 
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SpriDg  Garden,  near  Baltimore.  The  fiyherraen  did  not 
know  the  fish,  but  thought  thoy  miglit  be  youug  California 
Salmon  Trout. 

Acad.  Collection. 

XXXIIi-FERCIDJE, 

ENNEACANTHUS.  Gill. 
E,  obesus. 

Striped  Sun-Ssh. 

The  general  form  of  this  San-ilsh  is  subellipticnl,  the  head 
being  of  a  perfect  continuity  with  the  dorsal  and  abdominal 
line  of  the  body.  Peduncle  of  the  tail  short.  Greatest  depth 
about  the  middle  of  the  length,  the  caudal  fia  excluded. 
Mouth  rather  small,  and  its  cleft,  when  shut,  obliquely  di- 
rected upwards.  Dorsal  iin  composed  of  nine  spinous  aud 
eleven  soft  rays,  the  latter  being  elongated,  the  posterior  ones 
extending  beyond  the  bass  of  the  caudal.  The  anal  has  three 
spinous  and  eleven  soft  rays,  the  posterior  ones  extending 
likewise  beyond  the  base  of  the  caudal.  Caudal  fin  posteri- 
orily  rounded.  Ventral  fins  inserted  a  little  in  advance  of  the 
pectorals;  their  tips  extend  beyond  the  anterior  margin  of 
the  anal.  The  pectorals  are  subeliipticai,  rounded  posterior- 
il}',  and  extend  as  far  back  as  the  veutrals,  i.  e.,  to  beyond 
the  anterior  margin  of  the  anal.  The  scales  are  proportion- 
ally larger,  and  are  disposed  upon  sixteen  rows  across  the 
line  of  the  greatest  depth,  and  eight  or  nine  rows  on  the 
peduncle  of  the  tail.  The  lateral  line  forms  a  regularly  arch- 
ed curve  from  the  upper  angle  of  the  opercle  to  beneath  the 
posterior  margin  of  the  dorsal  tin,  thence  almost  straight, 
and  very  obsolete,  to  the  base  of  the  caudal.  The  ground 
color  is  light,  transparent  olive,  with  five  or  sis  black  bauds. 
A  tinge  of  rose  color  on  the  posterior  part  of  the  abdomtn 
Scales  generally  with  a  Y-shaped  gold  marking,  smaller  and 
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more  like  a  spofc,  oa  the  pedaiicls  of  the  tail.  Iris  reddish- 
browii,  with  a  vertical  bar  of  brown.  A  large  and  subcircu- 
lar  black  patch  is  observed  at  the  upper  angle  of  the  opercu- 
lum, extending  over  the  gill-flap,  upon  which  a  double 
crescent  is  seen  ;  this  is  golden  at  the  base,  with  a  horizontal 
blue  or  golden  line  below.     Length,  3  to  4  inches. 

Fin-rays  :-D.  9,  11 ;  P.  11 ;  Y.  1,  5  ;  A.  3, 11 ;  C.  17. 

Pomotis  obesus,  Girard  Proc.  Bost.  Soc.  Nat.  Hist.  V,  1854, 
p.  40 ;  Baird,  Smiths.  Eep.  IX,  p.  324. 

This  pretty  little  Sun-fish  is  very  common  in  the  dark-col- 
ored streams  of  Worcester  county.  Though  confining  itself 
usually  to  the  muddy  creeks,  it  is  often  found  in  clear  water, 
but  in  such  case,  frequents  only  such  places  where  the  diflfer- 
eut  water-plants  grow  very  luxuriantly. 

EaneacantJais  chcetodon,  Baird,  and  E.  margca'otis,  Jord., 
occur  in  similar  places ;  the  little  Mud-fish,  Umbra  pygmcea, 
(Deliay),  Bean.,  frequents  also  these  dark,  sluggish  or  stag- 
nant streams,  burrowing  into  the  mud. 

Acad.  Collection. 

XXIIIIa— ETHEOSTOMATA,  Agass. 

BOLEICHTHYS. 
B.  erochrons. 

Mud-Lovinsf  Darter. 

^^ 

The  length  from  the  opercle  to  the  tip  of  the  tail  is  equal 
to  4  heads  ;  the  greatest  elevation  without  the  dorsal  fin  is 
three-fourths  of  the  head.  This  small  fish  has  an  elongated, 
slender  and  compressed  body,  which  is  thicker  below  than 
above.  The  head  is  small,  short,  compressed,  narrow  between 
the  eyes,  with  a  rounded  and  full  snout,  though  not  so  broad  as 
the  occiput ;  it  is  smooth  above,  though  covered  with  scales  on 
the  sides.  The  eye  is  very  large,  and  is  placed  half  the  diame- 
ter of  its  orbit  from  the  snout,  and  two  diameters  from  the  angle 
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of  the  opercle,  with  its  inferior  margin  below  the  median  plane 
of  the  head,  and  its  superior  at  the  facial  outline.  The  posteri- 
or nostril  is  very  near  the  eye,  at  the  end  of  the  superciliary 
ridge.  The  mouth  is  small,  hardly  reaching  to  the  eye ;  the 
lower  jaw  is  nearly  as  long  as  the  upper,  though  its  teeth 
are  received  within  it  when  the  rnouth  is  shut ;  both  are 
armed,  as  well  as  the  vomer  and  pharyngeal  bones,  with 
numerous,  minute,  closely  set,  pointed,  recurved  teeth.  The 
preopercle  is  so  rounded  as  to  present  no  angle ;  the  opercle 
is  small,  triangular,  with  its  base  before  and  its  apex  behind, 
and  is  armed  with  a  slender,  delicate  spine ;  the  iuteroperclo 
and  subopercle  are  large.  The  lateral  line  runs  along  the  su- 
perior fourth  of  the  body,  to  the  end  of  the  anterior  dorsal  liu, 
whence  it  gradually  descends  to  the  median  plane  of  the  tail. 
The  anterior  dorsal  fin  begins  in  a  lino  vertical  with 
the  anterior  third  of  the  pectoral,  extends  to  the  vent, 
and  has  ten  spines ;  the  posterior  is  more  elevated, 
and  has  eleven  rays.  The  pectoral  arises  a  little  behind  the 
opercle  and  extends  to  the  root  of  the  ninth  dorsal  spine ;  it 
is  slender,  and  has  twelve  rays.  The  ventral  begins  at  some 
distance  behind  the  origin  of  the  pectoral  fin,  but  extends 
beyond  it ;  it  is  long,  slender,  with  one  delicate  spine  and  five 
soft  rays.  The  anal  begins  slightly  behind  the  origin  of  tho 
posterior  dorsal  fin,  and  determines  with  it  behind  ;  it  has 
ten  soft  rays.  The  caudal  is  long,  narrow,  and  rounded  behind- 
Head  with  greenish  tints  at  the  opercle  ;  body  above  pale 
brown;  belly  v/hito;  a  longitudinal  row  of  rounded  dusky 
spots  on  the  sides.  The  second  dorsal  and  anal  fins  have 
dusky  points  arranged  in  lines.     Total  length,  2  to  3  incheji. 

Fin-rays :— D.  10,  11  ;  P.  12,  Y.  1,  5  ;  A.  10 ;  C.  11. 

JJoleosoma  Barratliif  Storer. 

This  little  fish  resembles  very  much  the  "  Tesselated 
Barter"  {Boleosoma  olm-iiedi,  Storer)  iu  appearance,  but 
frequents  entirely  different  haunts.  Instead  of  living  in  clear 
streams  with  rocky  beds,  it  is  found  in  the  dark,  sluggish 
creeks  of  Worcester  County,  settling  on  the  black  mud  found 
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there.     It  belongs  to  the  more  southern  fauna,  having  beec 
first  described  from  S,  Carolina  and  Florida. 

Acad.  Collectiox. 


XXXIIIb-APHREDODERIDffi. 

APHEEDODEEUS. 

Since  but  one  single  fish  forms  this  family,  it  is  well  to  define 
the  characters,  quoting  them  from  Guenther. 

Cleft  of  the  mouth  slightly  oblique,  with  the  lower  jaw 
longest ;  eye  moderate.  Yilliiorm  teeth  iu  both  the  jaws,  on 
the  vomer  and  on  the  palatine  bones.  Six  brauchiostegals. 
Infraorbital  and  praeoperculum  with  spinous  teeth.  Scales 
moderate,  ctenoid.  Dorsal  with  three,  anal  with  two  spines, 
Caudalis  rounded. 


A.  say  anus. 


The  Spineless  Perch. 


The  height  of  the  body  is  4^  in  the  total  length,  of  which 
the  head  is  one-fourth  ;  the  diameter  of  the  eye  is  less  than 
the  distance  from  the  end  of  the  snout,  and  two-thirds  of  the 
distance  between  the  eye.  The  body  is  oblong,  thick  and 
sub-compressed  ;  the  back  is  elevated,  descending  with  an 
equal  curve  from  the  soft  rays  of  the  dorsal  to  the  nape. 
From  45  to  50  scales  are  in  a  longitudinal  series ;  they  are 
small,  rough,  rounded  and  ciliated.  The  lateral  line  is  but 
slightly  curved,  almost  straight,  passing  near  the  middle 
of  the  body.  The  head  is  flattened  above.  A  bony  crest, 
supporting  two  or  three  spines,  which  are  continuovis  with 
the  denticulated  crest  of  the  upper  margin,  is  on  the  anterior 
oortion  of  the  f-ub-orbital,  so  that  the  lower  margin  of  the 
orbit  is  Bmootb,  while  the  upper  two-thirds  of  the  margin  is 
rough ;  a  longitudinal  furrow  is  formed  by  two  crests.     The 
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wide  preopercle  is  finely  denticulated,  with  rounded  angle,  and 
covered  with  sis  rows  of  scales.  The  large  opercles  are  scaly, 
with  a  smooth  margin,  and  with  a  short,  robust  spine  near 
the  angle.  The  eyes  are  moderately  largo.  The  nostrils  dou- 
ble ;  the  one  near  the  margin  of  the  orbit  is  large,  the  anteri- 
or  one  smaller  and  tubular.  The  lower  jaw  is  longest ;  nu- 
merous conical  incurved  teeth  in  both  jaws,  upon  the  anterior 
part  of  the  vomer,  palatines  and  pharyngeals.  The  smooth 
tongue  has  a  free  and  rounded  end.  The  vent  is  placed  at 
the  angle  formed  by  the  fold  of  the  branchial  membrane. 
The  high  dorsal  fin  is  placed  in  the  middle  third  of  the  body  ; 
it  hns  three  spinous,  and  eleven  nearly  subequal  branched 
rays,  of  which  the  last  is  somewhat  smaller  ;  the  ventrals  are 
slightly  behind  the  base  of  the  pectorals,  and  contain  no 
spinous  rays  ;  the  caudal  is  rounded,  nearly  even.  Greenish 
olive,  with  a  vertical  spot  beneath  the  eye.  Length,  3-4^ 
inches. 

Fin-rays  :~D.  3,  11 ;  P.  12  ;  V.  0,  7 ;  A.  3,  7 ;  0.  17. 

A.  sayanus,  Gilliams. 

Scdopsis  sayanus,  Gilliams'  Jour.  Ac.  Nat.  So.  Ph.  IV,  p. 
81,  pi.  3. 

Aphredodcrm  gibbosus,  Cuv.  &  Val.  IX,  p.  44:8,  pi.  278. 

"  fijyrruis,  DeKay,  New  York  Fauna,  Fishes,  p. 

35,  pi.  21,  fiK.  (y^  ;  Baird,  Ninth  Smith's  Kep.,  p.  326. 

This  peculiar  perch-like  fish  inhabits  the  fresh  and  brack- 
ish waters  of  Turner's  creek,  near  Berlin,  Worcester  county. 
It  loves  dark  streams  with  muddy  bottoms,  on  which  it  settles, 
darting  away  with  great  vigor  when  disturbed.  Shallow 
places,  heated  by  the  hot  rays  of  the  sun,  form  tho  desired 
resorts. 

AOAD.  CoLLEcnoN. 


118 


XL--6ASTER0STEIDE. 

GASTEEOSTEUS.  (L.)  Brev. 
G,  noveboracensis. 

New- York  Stickleback. 

This  pretty  little  fish  has  a  fusiform,  compressed  body,  the 
sides  of  which  are  covered  with  a  series  of  from  30  to  33 
transverse  plates.  The  prominent  lateral  line  is  concurrent 
with  the  back,  but  at  about  the  nineteenth  or  twentieth  lat- 
eral plate  it  becomes  elevated  into  sharp,  compressed  spines, 
that  form  a  distinct  ridge  along  each  side  of  the  tail.  The 
small  head  is  covered  with  striate  bony  plates,  flattened 
above,  and  sloping  in  a  straight  line  from  the  nape.  The 
mouth,  which  is  slightly  protractile,  has  a  vertical  aspect ; 
the  lower  jaw  is  longest.  Eyes  large.  Minute  subequal 
teeth  in  a  single  row  on  each  jaw ;  none  elsev/here.  Tail 
very  slender.  The  first  dorsal  spine  is  acute,  placed  above 
the  base  of  the  pectoral,  and  has  a  broad  base ;  it  is  serrated 
on  the  sides,  and  furnished  with  a  membrane.  The  dorsal 
spine  is  long,  the  first  ray  is  largest,  the  others  gradually 
decrease  in  length  to  the  last.  Pectorals  long  and  rounded. 
The  place  of  the  ventral  is  supplied  by  a  single  ray  on  each 
side,  reaching  to  the  posterior  extremity  of  the  pubic  bone ; 
it  has  a  dilated  base,  and  is  distinctly  toothed  on  its  side. 
Under  each  ventral  spine  is  a  soft  flexible  spine.  The  anal 
fin  is  long,  slightly  emarginate,  with  one  curved  spine.  Cau- 
dal fin  emarginate.  Bluish-gray  above,  silvery  on  the  sides 
and  beneath.     Length,  2  inches. 

Fin-rays :— D.  l+l-f  1,  12  ;  P.  11 ;  V.  1,  1 ;  A.  1,  12  ;  0.  13. 

Gaslerosteus  noveboracensis,  Cuv.  <fc  Val.,  IV,  p.  502,  pi.  98, 
fig.  3 ;  DeKay,  New  York  Faun.  Fish,  p.  C6,  pi.  C,  fig.  17, 

But  a  single  specimen  of  this  Stickleback  was  taken  in  the 
northern  part  of  Sinepuxent  bay,  in  a  place  where  the  water 
was  but  little  brackish.  On  account  of  ths  very  luxurious 
growth  of  water-plants,  it  was  impossible  to  liaul  the  fine- 
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meBhcd  seines  with  any  success ;  no  doubt,  Lowovcr,  that 
tliese  fish  build  their  peculiar  nests  in  such  a  place.  The 
common  "  Four-spined  Stickleback "  was  hero  also  very 
numerous,  but  choosing  the  more  shallow  water. 


ELOPS,  Linu. 
E.  saiirus. 

Big-Eyed  Herring,  Jackmariddle,  or  Pounder. 

The  entire  leugth,  from  the  opercle  to  the  tip  of 
the  caudal  fin,  is  equal  to  four  heads  and  one-eighth. 
Body  very  much  elongated,  sub-cylindrical,  round  at 
the  back,  slightly  flattened  at  the  belly,  and  as  slightly 
compressed  at  the  sides,  but  much  more  so  near  the 
tail,  the  head  is  long  and  thick,  with  the  snout  full 
and  rounded ;  the  supra-orbital  ridges  are  elevated,  and 
leave  a  deep,  broad,  oblong  depression  on  the  vertex,  which 
is  broadest  between  the  eyes,  and  very  narrow  behind  ;  the 
orbit  of  the  eye  is  marked  above  with  parallel  ridges  and 
depressions,  directed  from  within  outwards.  The  eye  is  \QYy 
large  and  placed  near  the  facial  outline,  with  its  inferior 
margin  below  the  median  piano  of  the  head,  and  about 
its  diameter  from  the  snout,  and  two  diameters  and  a  quarter 
from  the  posterior  border  of  the  opercle  ;  it  has  a  thick,  fleshy 
lid  of  diaphonous  skin,  both  before  and  behind.  The  nostrils 
are  closely  approximated,  and  rather  nearer  to  the  eye  than 
to  the  snout;  the  posterior  is  semi-lunar  in  shape,  and  much 
the  larger ;  the  anterior  is  round,  and  both  are  at  the 
anterior  extremity  of  the  supra- orbital  ridge.  The  mouth  is 
very  large,  as  the  posterior  extremity  of  the  upper  jaw  extends 
behind  the  orbit ;  the  lower  jaw  seems  larger  than  the  upper 
when  the  mouth  is  open,  but  is  in  fact  received  within  it 
when  the  mouth  is  closed  ;  the  upper  jaw  lias  no  lip,  but  the 
lower  has  a  loose  fold  of  skin  on  its  posterior  half;  both  are 
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armed  with  numerous  series  of  mlnutej  rasp-like  teeth  ;  the 
band  in  the  inter-maxillarj  is  narrow,  that  of  the  superior 
maxillary  is  rather  broader,  and  extends  on  the  outer  as  well 
as  the  inner  margin  of  the  bone ;  the  band  of  the  lower  jaw 
is  narrow  behind,  and  broad  before ;  the  vomer,  the  palate* 
the  sphenoidal,  and  the  pharyngeal  bones  are  ail  furnished 
with  similar  minute  teeth ;  even  the  anterior  margin  of  the 
branchial  arches  is  rough  with  minute  asperities.  The  tongue 
is  short,  round  in  front,  and  rough  on  its  posterior  part  with 
minute  teeth.  The  dorsal  fin  is  single,  semi-falcate,  near  the 
middle  of  the  back ;  the  first  ray  is  very  short,  the  4thj  5th 
and  Gth  longest;  they  are  placed  in  a  scaly  sheath  of  the 
integuments,  which  ascends  for  some  distance,  but  without 
any  adhesion.  The  pectoral  begins  under  and  in  front  of  the 
termination  of  the  opercle,  with  an  elongated  scale  in  the 
axilla  above.  The  ventral  is  stout,  and  arises  rather  before 
the  origin  of  the  dorsal  ;  it  has  a  supplementary  plate  above 
the  rays,  three-fourths  as  long  as  the  fin  itself,  and  covered 
with  scales.  The  anal  is  short,  sub-falciform.  All  ha,ve  their 
roots  in  a  sheet,  like  those  of  the  dorsal  fia.  The  caudal  is 
long,  deeply  forked,  with  a  lanceolate  flattened  scale  both 
above  and  below  its  root.  The  scales  are  but  slightly 
adherent  and  exceedingly  thin.  The  lateral  line  at  its  anterior 
part  is  straight,  and  runs  nearly  along  the  upper  third  of 
the  body,  but  it  descends  to  the  median  plane  between  the 
pectoral  and  ventral  fins.  The  head  is  pale  green  above, 
and  white  with  often  a  roseate  tint  at  the  sides ;  the  body  is 
pale  silver-gray  above,  or  with  a  faint  greenish  tint,  and 
silvery  at  the  sides  and  belly.  The  pupil  is  deep  blue,  and 
the  iris  silvery.     Total  length,  24:  to  30  inches. 

Fin-rays :— D.  24;  P.  18  ;  Y.  1-5  ;  A.  17  ;  C.  28. 

R  sairrus,  L.  Syst.  Nat.  1,  p.  518  ;  Bloch,  Taf.  393,  fig.  1  ; 
DeKay,  New  York  Fauna,  Fish,  p.  2G7,  pi.  41,  fig.  131  ;  Cuv. 
&  Val.  XIX,  p.  363. 

— inermis,  Mitchell,  Lit.  <fc  Phil.  Trans.  New  York,  I,  p. 
445. 
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A  very  largo  specimeu  of  tiiis  fish  was  caught  in  the 
soulheru  part  of  Chesapeake  Bay.  It  is  a  voracious  uuimal, 
that  feeds  on  smaller  fish.  The  ficbh,  both  lacking  linniiess 
and  flavor,  is  not  esteemed  as  au  article  of  food. 

Acad.  Collection. 

MEGAL0P8,  Lac. 
j)l.  Utrissoidcs. 


Jew-nsh.    Tarpum. 


This  largest  of  all  the  Herrings  has  a  compressed,  oblong 
body,  with  a  fiat  abdomen.  The  snout  is  obtusely  conical  ; 
the  mouth  anterior,  lower  jaw  prominent.  The  iuteimaxillary 
is  short,  the  niaxiilary  forms  the  lateral  part  of  the  mouth, 
and  extends  beyond  the  orbit.  Between  the  mandibles  is  a 
narrow  osseus  lamella,  attached  to  the  maudibulary  symphy- 
sis. Tlie  moulh  is  furnished  with  three  bands  of  villiform 
"teeth  in  the  jaws,  with  teeth  on  the  voiner,  palatine  and 
})terygoid  bones,  on  the  tongue  and  on  the  base  of  the  skull. 
The  gill-membranes  are  entirely  separate,  with  numerous 
branchiostegals.  The  scales  ai'c  \evy  large  and  adherent. 
The  lateral  line  is  distinct,  and  runs  in  an  almost  straight 
line  along  the  upper  third  of  the  body.  The  ventral  fin  is 
conspicuously  in  advance  of  the  origin  of  the  doraal  fin ;  the 
aual  is  rather  longer  than  the  dorsal.  The  long  ray,  the  last 
of  the  dorsal  fin,  forms  a. very  conspicuous  character  of  this 
fish.  The  general  color  is  beautiful  silvery,  darker  ou  the 
back.     Length,  4  feet  3  inches. 

Fin-rays:— D.  17  ;  P.  15  ;  Y.  10  ;  A.  25;  C.  yO. 
Mega' ops  tin'  is  sou  ks. 

Chvpea  cyprinoidt.^,  Bl.  IX,  p.  )yi,  tab.  403  ;  Lacep.  V,  pp. 
421,  4G1. 

Chipea  t]ii'iswidfS,  Bl.  Schu.,  p.  424. 
—      apaJiki',  Lacep.  Y,  pp.  425,  4G1. 
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—      giganlea,  Shaw,  Zoo].  Y,  p.  173. 

Mcgalops  a'Janiicv.s,  Cut.  tt  Yal.  XIX,  p,  398. 

This  large  fish,  looking — if  it  avos  not  so  much  more  slen- 
der^like  a  overgrown  Mud-Shad,  {Chipia  iJmssa),  was  caught 
in  the  Chesapeake  bay,  near  CiisfieW.  "  Marcgraw  assures 
that  it  attains  the  length  of  twelve  feet,  and  the  thickness  of 
a  mau.  'J  lie  mouth,  when  it  is  opened,  is  so  largo  that  the 
head  of  a  man  oculd  easiiv  enter  it ;  it  is  very  fat,  and  only 
the  fiesh  of  very  yoxiDg  tish  can  be  utilized  as  food." 

Acad.  Collection. 

LX?!a— SftUATINIDi:, 

SQUATINA,  Dam. 
S.  iJuiuerili,  Les, 

Angel-fish.    Shark-ray.    Monk. 

This  peculiar  iisb,  combiniLig  the  characters  of  a  shark 
with  those  of  a  ray,  has  a  broad  flattened  body,  which  is  ele- 
vated towards  the  pectorals.  The  head  is  wider  than  long, 
obtuse,  emargiuated  in  front  between  the  nostrils,  depressed 
above  and  between  the  eyes ;  it  is  bordered  on  each  side  by 
a  white  membrane.  Neck  rather  tumid  and  distinct.  Eyes 
small;  orbit  elevated,  and  furnished  with  blunt  tubercles; 
similar  ones  above  the  nostrils  and  between  the  spiracles^ 
Cheeks  flat,  with  numerous  pores.  Nostrils  with  skinny  flaps 
on  the  margin  of  the  snout ;  they  are  on  the  anterior  edge, 
above  the  jaws,  and  between  the  eyes;  aperture  vertical, 
and  covered  by  a  broad  membrane.  Spiracles  behind  the 
eyes,  wide,  transverse.  Teeth  conical,  pointed  and  distant, 
in  six  to  seven  distinct  series.  Gill-openings  rather  wide, 
lateral,  very  uear  each  other,  and  partly  covered  by  the  base 
of  the  pectorals.  Tongue  triangular,  flat,  not  distinct,  termi- 
nated by  a  small  fleshy  rounded  appendage.  The  subtrian- 
gular  pectoral  fms  are  large,  expanded  in  the  plane  of  the 
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body,  with  tlio  banal  poiticm  prolonged  forwards,  but  not 
grown  to  the  head  ;  thej  havo  a  round  notch  at  their  inner 
base,  and  curved  sharp  points  on  the  upper  surface  of  their 
outer  margin.  Abdomiunl  fins  hinceolate,  straight,  narrow. 
The  two  dorsal  fius  are  triaugular,  subequal  in  size,  and  situ- 
ated  on  the  baf^c  of  the  tail.  Caudal  fin  emarginate ;  lower 
lobe  longest,  both  pointed.  Bluish  ash-gray  above  ;  beneath 
white.  Abdomen,  throat  and  ventral  fins  marked,  when  liv- 
ing, by  iudistiucfc  red  spots.  Eves  yellowish-greeu  ;  pupils 
black.     Lengtli  :  3  to  4  feet. 

lihina  squatina,  Guentlier  Cat.  YIII,  p.  430. 

Squalus  squatina,  L.  Svst.  Nat.  I,  p.  390;  Brann.  Ichth. 
Mass.,  p.  5  ;  Bl.  Ausl;  Fisch.  I,  p.  25,  tab.  116. 

Squatina  loivis,  Cuv.  Eegne  Anim. 

—  acuJeata,  Cuv.  Eegno  Anim. 

—  anqelus,  Dumeril,  Zool.  Anal.,  p.  102. 

—  dumerilii,  Lcsueur,  Jour.  Ac.  Nat.  Sc.  Phil.  I,  p.  225,  pi. 
10 ;  DeKay,  New  York  Fauna,  Fish,  p.  363,  pi.  62,  fig.  203. 

This  fish  is  an  inhabitant  of  most  of  the  temperate  and 
tropical  seas.  Its  curious  form  make  it  conspicuous  among 
the  many  inhabitants  of  the  ocean,  that  are  caught  late  in 
the  fall  on  the  coast  of  Worcester  county.  The  not  very  in- 
viting looks  of  the  fish  are  not  the  only  reasons  why  fisher- 
men dislike  it.  It  has,  to  some  extent,  the  unpleasant  habits 
of  the  snapping  turtle,  since  it  can  open  its  mouth  very  sud- 
denly to  an  alarming  extent,  and  not  to  play,  either.  In  con- 
sequence of  this  biting  propensity,  it  is  called  by  tlie  fisher- 
men the  "Sand-devil,"  and  also  the  ''Fair-maid;"  the  first: 
name  not  without  any  reason,  and  the  latter  certainly  not  out 
of  politeness.  It  is  a  very  common  fish  during  lato  October 
and  early  November,  sometimes  obstructing  by  their  numbers 
the  suocossfal  hauling  of  seines. 

Acad.  Collection. 
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ISUEOPSIS. 
/.  flekayi. 

The  Mackerel  Porbeagle. 

Body  cjlindrical,  fusiform.  Head  smalj,  with  a  blunt  pyr- 
amidal snout ;  tbo  praeoral  portion  of  the  latter  as  long  as  the 
longitudinal  axis  of  the  cleft  .of  the  mouth,  tetrahidal, 
pointed.  Angle  of  the  mouth  midway  between  the  gill-open- 
ing and  nostril.  The  surface  of  the  head  exhibits,  under  the 
lens,  numerous  minute  plates,  each  with  three  parallel  longi- 
tudinal elevated  lines,  producing  a  roughness  when  the  hand 
is  moved  towards  the  head.  On  the  surface  of  the  head  are 
four  series  of  punctures  on  each  side,  commencing  nearly  op- 
posite to  the  posterior  margins  of  the  orbits,  dilating  and 
extending  to  within  about  an  inch  of  the  extremity  of  the 
snout.  Immediately  before  the  eyes  is  a  large  patch  of  sim- 
ilar punctures,  which  extend  bejond  the  nostrils ;  on  the 
under-side  of  the  snout  is  a  triangular  patch  of  similar  punc- 
tures, extending  to  nearly  the  extremity  ;  a  regularly  curved 
series  of  punctures  from  the  end  of  the  carina,  concurrent 
with  the  back,  and  ending  just  anterior  to  the  origin  of  the 
first  dorsal  fin.  All  these  punctures  are  the  apertures  of 
mucous  ducts,  which  are  filled  with  a  transparent  jelly. 
Eyes  moderate  ;  nostrils  doubly  curved,  sublateral.  Gill- 
openings  extremely  wide,  the  width  of  the  first  being  rather 
more  than  its  distance  from  the  last.  Teeth  of  various  shapes 
and  sizes,  dis[)osed  in  from  three  to  five  rows.  They  are 
mostly  long  lancolate,  with  sharp  lateral  edges,  without  basal 
cusps.  The  third  tooth  on  each  side  of  the  upper  jaw  ia 
much  smaller  tbau  those  next  to  it.  The  first  dorsal  fin, 
which  has  its  origin  at  a  very  short  distance  from  the  base  of 
the  pectorals,  is  quadrilateral,  higher  than  long;  its  upper 
margin  is  excavated,  its  lower  angle  pointed.  The  second 
dorsal  fin  is  very  small,  oblong  ;  its  lower  angle  behind  end- 
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ing  iu  a  prolonged  point.  Tho  pectorals  aro  falciform,  the. 
length  of  their  lower  margin  being  one-fourth  of  that  of  the 
upper.  Ventrals  quadrilateral ;  the  anal  fin  is  small,  similar 
in  shape  to  the  second  dorsal  and  sligtly  posterior  to  it.  The 
caudal  fin  is  deeply  lunate,  with  slightly  unequal  lobes.  On 
each  side  of  the  tail  is  a  carina,  highest  in  the  middle ;  a 
deep  dentation  occurs  on  tho  upper  and  lower  sides  of  the 
tail.  When  first  taken  from  the  water,  the  color  of  this  fish 
is  deep  green,  which  soon  changes  into  a  uniform  dark  slate, 
lighter  beneath.     Length  :  5  to  10  feet. 

Lamna  'punctata,  Storer,  Bost.  Jour.  Nat.  Hist.  I,  1839,  p. 
534,  pi.  8,  fig.  2 ;  DeKay,  New  York  Faun.,  Fish,  p.  352,  pi. 
63,  figs.  206  and  207. 

OxyrJiina  gompliodon,  Mull,  and  Henle,  p.  68,  pi.  28. 

Isuropsis  DeKay i,  Gill,  Ann,  Lye.  Nat.  Hist.  New  York, 
VII,  p.  409. 

A  common  fish  along  the  coast  of  Worcester  county  dur^* 
ing  the  summer. 

A(icV.D.  Collection. 
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PLATE  T. 

[Note.— It  musl  be  borne  in  mind  that  the  ligurcs  of  the  following  plates 
are  more  or  less  diagramatic,  intending  to  bring  out  prominently  things 
"which  are  tseeu  under  the  microscope  very  faint ily,  and  at  varying  foci. 
The  vitellus  in  Figs.  7,  0,  10  and  II,  is  eitlicr  partially  or  not  at  all  repre- 
sented.] 

Fig  1 — Uiiimpregiiated  ovum^  j'reslily  spawned,  (page  58,) 
showing  the  mici'opyle  in  the  center. 

Fig.  '2 — Profile  view  of  imimpregnated  ovuin,  after  being  in 
water  for  a  few  moments,  (page  59.)  Micropyle 
shows  as  a  distinct  pit. 

Fig.  3 — Unini])rognated  ovum,  after  the  formation  of  tlie 
"limb,"  (page  GO.)  This  stage  occurs  in  both 
uninipregnated  and  impregnated  ova. 

Fig.  4~Impregnated  ovum,  showing  stage  preceding  the 
*'  limbed  "  condition,  (page  G2  ) 

Fig.  5 — Cluster  of  ova,  natural  size,  (page  58.) 

Fig.  G  — Spermatozoa,  (page  Gl  )     Enlarged  950  diameters. 

Three  very  much  more  enlarged. 
Fig.  7 — Stage  just  preceding    the  formation  of  the    dorsal 

lamina^,  (page  62.) 

Fig.  8 — Showing  the  mucous  oval  sack,  with  its  stalk, 
(page  58.) 

Figs,  y,  10  and  1  I — Segmental  stages  of  tlie  ova,  (page  62.) 
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PLATE  II. 

[The  vitellus  iu  most  oi  tliese  Figs,  is  unrepresented.    The  small  dots  h*-.- 
side  certain  of  the  figures  show  the  natural  size  of  the  spedmens.] 

Fig.  1 — Nearly  profile  view  of  embryo,  showing  anterior  or 
head  enlargement,  (page  64.) 

Fig.  2 — Nearly  profile  view  of  embryo^  showing  cerebial 
vesicles,  and  still  open  anterior  end  of  neural 
canal,  (page  64.) 

Fig.  3 — Nearly  profile  view  nf  embryO;  showing  eye-disks, 
(page  64.) 

Fig.  4 — Profile  view  of  embryo,  showing  proto-vertebra? 
and  traces  of  the  notochord,  (page  65.) 

Fig.  5 — Profile  view  of  embryo  ;  2:)roto-vertebra5  more  ad- 
vanced ;  ear,  crystalling  lens,  and  cerebellic 
fold  showing,  (page  66.) 

Fig.  6 — Face  view  of  embryo,  at  a  little  later  period  than 
shown  in  Fig.  5,  (page  66.) 

Fig.  7 — Nearly  j)rofile  view  of  embryo,  showing  the  rows  of 
proto-vertebrfe,  one  on  each  side  of  the  neural 
arch . 

Fig.  8 — Exoderm  cells,  (page  63.) 

Fig.  9 — Head  of  embryo^  showing  parts  of  brain  and  eye- 
sacks,  (page  66.) 

Fig.  10 — Profile  view  of  brain,  much  enlarged,  (G3.) 

Fig.  11  a,  b,  c, — Ear  at  different  stages  of  development, 
(pages  66-7.)    The  otoliths  are  not  represented. 

Fig.  12 — Face  view  of  head,  at  stage  represented  in  Fig.  4. 

Fig.  13  a— Top  view  of  a  portion  of  the  dorsum  of  an  em- 
bryo, showing  proto-vertebrre  on  each  side  the 
neural  canal, 
b — Cross   section   of  dorsum   uf  embryo,  showing 
cells  which  surround  the  notochord. 
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PLATE  III. 

[The  specimens  represcnte.l  in  this  plUe  were  removed  from  tbe  ova.  and 
were  aboni  fwo-sixtcenth.s  of  an  inch  in  length.] 

Fig.  1  —  Embrvo  before  liatcbing  ;  showing  both  ends  of  in- 
lestine,  (page  68);  the  anal  vacuole,  (ibid);  the 
ear  with  its  otoliths  ;  the  heart  and  the  branchial 
vesicles,  (page  69.)  The  nasal  })0uch  should  be 
represented  in  this  Fig.  as  a  disk-like  marking, 
just  anterior  to  the  eye.  much  as  shown  in  Fig. 
2. 

Fig.  2— Earlier  .stage  than  Fig  1.  The  intestine  is  repre- 
sented by  a  posterior  ca»:um,  (page  67);  and  the 
heart  by  a  small  pulsatile,  pear-.shaped  organ, 
(page  67. ) 

Fig.  3 — Enlarged  view  uf  the  anal  portion  ol  Fig.  1, 
(page  70.)  a — Indications  of  blood-vessel  tracts, 
b — Anal  vacuole. 

Fig.  4  —Profile  of  portion  of  embryo,  showing  tubular" con- 
dition of  the  heart,  (page  6iS.) 

Fig.  6  — In  this  Fig.  the  heart  is  represented  as  beginning 
to  form  two  portions,  (page  69);  and  the  bran- 
chial vesicles  are  all  visible,  (page  69.) 
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PLATE  IV. 

[Tlic  specimens  represented  in  tbis  Plate  Averc  also  taken  from  tbe  ova, 
and  were  from  two  to  three  eixteenlhs  of  an  incb  in  length.] 

Fig.  1— Showing  the  opening  of  the  first  branchial  vesicle 
into  the  intestine,  (page  69.) 

Fig.  2™Nearly  ventral  view  of  anterior  half  of  embryo, 
showing  mouth  opening,  (page  70);  and  the 
semi-circular  canals  of  the  ear.  In  line  seven, 
page  70,  Fig.  4,  PI.  IV,  sJiould  read  Fig.  2,  PI. 
IV.  All  the  other  organs  of  this  Fig.  arc  more 
advanced  than  in  the  other  figures  of  this  plate. 

Fig.  3=— Very  much  enlarged  view  of  anterior  end  of  embryo, 
viewed  nearly  ventrally.  The  ear  is  nearly  en- 
closed ;  and  the  branchial  slits,  (page  69,)  are 
formed. 

Fig.  4 — An  earlier  stage  than  Fig.  3.  Three  of  the  bran- 
chial slits  are  formed  ;  the  heart  has  become  h 
two-chambered  organ,  (page  G9);  and  a  portion 
of  the  vitellus  has  concentrated  into  a  large  oil- 
sphere  in  the  anterior  part  of  the  yolk  mass,  (page 
69.) 

Fig.  6 — Posterior  end  of  embryo.  The  portion  under  the 
notochord  is  splitting  into  two  tracts,  in  which 
the  great  blood-vessels  will  soon  be  formed,  (page 
70.) 

Fig.  G — Section  of  embryo  in  the  anal  region.  The  two 
tracts  of  Fig.  5  are  seen,  a  and  b,  also  the  poste- 
rior end  of  the  intestine,  c,  (page  70.) 
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PLATE  V. 

[Tiic  figures  represented  in  this  Plate  ■\vcre  from  hatched  spccimcus,  and 
were,  excepting  the  adult  forms,  f» bout  tbrcc-sixteonths  of  an  inc!i  in  length.] 

Kigs.  1  and  2 — Profile  and  dorsal  views  of  recently  hatched 
Rraelt.  All  the  organs  already  described  can  be 
made  out  in  ptill  more  a^lvanced  condition,  (patje 

71. ;) 

Fig.  3 —Diagram  of  first  blood-system  of  young  Smelt, 
(page  V3.)  The  first  and  third  pairs  of  branchial 
vessels  are  not  represented  in  the  diagram,  since 
they  are  often,  if  not  always,  formed  at  a  later 
period. 

Fig.  4 — ^ery  much  enlarged  view  of  young  Smelt,  at  a  pe- 
riod a  little  later  than  represented  in  Fig.  1, 
(page  72.) 

Fig.  5 — Head  of  Smelt  at  time  of  first  blood-system,  (page 
72.) 

Figs.  6  and  7 — Views  of  fast  disappearing  yolk.  The  large 
oil-sphere  is  in  the  centre  of  the  mass,  is  becom- 
ing   very   much   smaller,   and    has  turned  of  a 

brownish-yellow  color. 

Fig.  8 — Profile  view  of  adult  female  Smelt  full  of  ova. 
Raritan  river  form,  natural  size. 

Fig.  9 — Head  of  same,  with  extended  jaws. 

Figs,  10  and  15 — Stages  in  the  development  of  the  brain, 
(page  71.) 

Fig.  Ha — Scale,  much  f.nlarged,  from  above  lateral  line  of 
Raritan  river  fish,     b — same,  natural  size. 

Fig.  12 — Head  of  Northern  Smelt 

Figs.  13  and  16 — Dorsal  viewsi  of  Raritan  river  aiid  North- 
ern Smelts. 

Fig.  14 — Brain  of  Raritau  river  fish,  natural  size. 
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PLATE  VI. 

Fig.  1 — Freshly  spawuetl  ovum  of  Shad,  showing  wrinkled 
and  folded  vitelline  membrane,  (page  97.) 

Fig.  2 — Ovum  after  having  been  in  w^ater  for  a  few  mo- 
ments, (page  98.) 

Fig.  o — Unimpregnated  or  impregnated  swollen  ovum, 
showing  first  stage  of  formation  of  "limb," 
(page  98.) 

Fig.  4— Impregnated  ovum,  showing  marking  indicating 
first  segmentation  furrow,  (page  100.") 

Fig.  5 — Uninipregnated,  or  impregnated,  swollen  ovum, 
showing  ''lirTib,"  (page  98  ) 

Fig.  6 — Impregnated  ovum,  showing  first  segmentation 
furrow  and  marking  inrlicating  second,  (page 
10'.') 

Fig.  7 — Earh  stage  of  segmentation,  (page  100. y 

Fig.  8 — ''  MullKn-ry  "  stage,  (page  101.) 

Fig.  9 — Stage  .showing  dorsal  folds,  (page  101.) 

Fig.  10— One  of  the  '•  irregulars,"  (page  104.) 

Fig.  11 — Ova    natural  size,  (page  97.) 
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